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CHAPTER TWO

EVALUATION OF CHANNEL CATFISH ICTALURUS PUNCTATUS
AGE/LENGTH STRUCTURE IN THE SAN JUAN RIVER FROM 2002
TO 2011

Abstract
The impact of non-native fish species on native fish communities is a subject that
has caused concern in many regions in the United States and across the globe. When nonnative channel catfish were introduced in the 1890’s it was not known what their impact
would be on the native species. The success of the channel catfish populations was
associated with the decline of native fishes and brought about the establishment of the
San Juan River Recovery and Implementation Program. This program has been dedicated
to mitigating the direct effects of the non-native species introduction through direct
removal efforts, monitoring, and research projects to determine the characteristics of the
interactions between species. This study evaluated the population structure of the
sampled channel catfish population in the San Juan River, New Mexico to determine if
the channel catfish are exhibiting a compensatory response to electroshock removal
efforts. The population structure of channel catfish in 2002 have been compared to the
channel catfish population in 2011 to determine if significant differences in length at age
have occurred over time. Channel catfish were sampled using standard electrofishing
practices and calcified structures were analyzed to determine age. These data were
compared to calcified structures of channel catfish in 2002 to determine if differences
occurred in length at age. There was a difference in length at age for all age classes of
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channel catfish compared between 2002 and 2011. In all cases the channel catfish in 2011
were significantly larger than their 2002 counterparts at the same age. In addition, the
presence of a large number of juvenile channel catfish in the 2011 sample, in contrast to
2002, suggests that many young are being produced and surviving in the system. This
information may be important from a management prospective because it may suggest
that removal efforts are not reducing the population size of channel catfish and resource
availability can support many juvenile channel catfish.

Introduction

Although the introduction of channel catfish to the San Juan River system in the late
1800’s was not viewed as a harmful act, the residual effects of the non-native species
interactions are now thought to be responsible for the decline of the native fish species.
In the San Juan River system channel catfish are of particular concern due to their
omnivorous nature and may compete with native species for the same resources such as
macro-invertebrates (Brooks et al. 2000). Monitoring studies of adult fish in the San Juan
River demonstrated that channel catfish accounted for the largest percentage of large
bodied fish in the system (i.e. 47.6% of total catch) (Ryden 2010). Due to the endangered
status of two native species in the San Juan River, a recovery program was established to
mitigate the effects of the non-native channel catfish.
Since 2001 efforts have been aimed at removal and monitoring of the channel catfish
and other non-native species in the San Juan River. Although the San Juan River
Recovery and Implementation Program has been successful at removing a large number
of non-native species, populations of native fishes such as the razorback sucker and
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Colorado pikeminnow have not recovered. Wild populations of razorback sucker and
Colorado pikeminnow continued to decline and the last razorback sucker taken from the
upper portion of the Colorado River basin was in 1995 (Mueller 2006a).
Due to the lack of information regarding the population structure of the non-native
species the recovery program has found it difficult to quantify the effect that non-native
species removal efforts have had on non-native populations. In particular an assessment
of length at age would be advantageous in that it will allow the removal team to account
for the reduction of particular year classes of fish. If management personnel were able to
determine the number of fish from each spawning year that had been removed they may
have a clearer picture of their success at reducing the overall population of channel
catfish. Pitlo (1997) observed that as the numbers of large catfish declined, the population
became highly dependent on newly recruited fish, resulting in large fluctuations in catch
and dependence on the strength of individual year-classes. This appears to be occurring
within the two uppermost intensive removal sections where the majority of fish collected
in 2009 comprised of the 2002/2003 cohorts and ranging from 400-475 mm TL.
However, though the measurable channel catfish recruitment (i.e. increased juvenile
catch rates) in upper Sections of the San Juan River has not been documented since 2002,
an increase in juvenile abundance in down-stream sections of the river suggest
reproductive potential is still high (Davis et al. 2009). Pitlo’s 1997 research on the age
structure of a commercial catfish fishery noted many key components representative of
an exploited fishery. Overharvest of this fishery resulted in (1) declines in yield (2)
increases in the proportion of small fish in the commercial harvest, (3) a narrow range of
age groups represented in the fishery, (4) high dependence on single year-classes, and (5)
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high mortality rates. Shifts in age structure of a non-commercial fishery, where MSY is
not the end goal, can affect the ability of management to remove these individuals from
the system, and will likely result in the resurgence of a large number of spawning adults
in years with favorable environmental conditions, and subsequent production of many
young in the following years.
Examples in the literature suggest that fish populations exhibit compensatory
responses to exploitation. When evaluating non-native lake trout predation on
Yellowstone cutthroat trout (Oncorhynchus clarkii bouvieri), (Ruzycki et al. 2003)
determined that the harvesting techniques were only successful at removing larger lake
trout. This exploitation of the larger size class of fish was sought after by management
officials in order to reduce the overall age structure of lake trout in the system. Research
conducted in a high mountain California lake also demonstrated a resurgence of nonnative fishes after gill netting removal efforts failed to capture individuals < 110mm
(Britton 2006).
These data suggest that the techniques used in non-native fish removal can exclude
younger age classes thus causing an overall shift in the available ages of the invasive
species in the system.
In the San Juan River, shifts in size structure of channel catfish have been observed
upstream (Davis 2005) and on a river-wide scale (Ryden 2005) after the initiation of
nonnative removal. This study quantifies the current age and size structure of the sampled
San Juan River channel catfish population in 2011 and compares these data to the
sampled population collected in 2002 to determine if differences exist in length at age.
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Materials and methods
Field protocols
Three sections of the San Juan River are electro shocked multiple times during the
course of a year for non-native fish removal (NNFR). These sections are: PNM to
Hogback (River Mile (RM) 167.5-159), Hogback Diversion to Shiprock Bridge (RM
158.8–147.9) and Shiprock Bridge to Mexican Hat, Utah (RM 147.9–52.9). During the
summer months (June-August) channel catfish removed from these sections were
sampled. Channel catfish were collected using raft-mounted electrofishing gear (pulsed
direct current ~1.2 volts/cm). Electrofishing surveys were conducted during daylight
hours when stunned fish will be most visible. Attempts were made to net all fish stunned
near the front and sides of the raft (anode) with a 10ft long dip net. Channel catfish
collected during the sampling efforts were held in oxygenated live wells aboard the
removal vessels. When live well became crowded fish were removed from the boats and
euthanized in MS-222 solution. Following the treatment of MS-222 multiple samples
were taken from each fish. For each channel catfish sampled, the location, date, total
length (TL), weight and sex were recorded. Fish were sampled one at a time and each
fish received a unique identification number. Total length was measured to the nearest
1mm using a 1000mm measuring board. Whole body weight was measured to the nearest
5 grams using a range of spring scales. Gonads were removed from the female fish, fixed
in a 10% formalin solution and stored in 500ml plastic bottles. These ovary samples were
shipped to the Bozeman Fish Technology Center for further inspection in a laboratory
setting. Histologies were later conducted on these ovaries. Pectoral fins were collected for
each fish using a pair of pliers to disarticulate the fin rays. Samples were placed in a
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paper envelope marked with the fish’s identification number. Otoliths were removed
using a hacksaw and sawing from the dorsal to the ventral portion of the catfish cranium.
The cut was made at the posterior end of the operculum after which the otoliths were
removed with a pair of small tweezers. Otoliths will be placed in small paper envelopes
marked with the identification number for individual fish. Pectoral spines will be
evaluated in the laboratory to determine age and yearly growth of fish. Although scales
can be used to age many fish species studies have found them to underestimate age in
individuals older than 4 years (Cazorla 2011). In addition channel catfish do not have
scales but rather a thick protective skin therefore this method of aging was rules out.
After samples have been collected during a removal trip, all samples will be properly
packaged and shipped to the Bozeman Fish Technology Center for further analysis.

Laboratory Protocols
Pectoral spines were sectioned below the basal groove using an 8000 series
cordless Dremel tool with a #426 reinforced cutting wheel. Once sections were made they
were placed into individual ziplock bags labeled with the identification number for that
fish. Sections were laid out next to a standard 3 x 1” frosted microscope slide labeled
with the identification number for each fish. Once the sections were laid out they were
mounted onto the microscope slides with tweezers and Loctite® instant mix epoxy.
When the epoxy had dried slides were placed into slide boxes and arranged in order.
Slides were then taken to the Bozeman Fish Technology Center where digital images
were taken. A Leica® DM 2000 microscope with an attached RT KE Spot digital camera
was used to obtain the images. The light was supplied by the base lamp of the microscope
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and magnification was set to 5x for all samples. The light intensity varied for each sample
based on the thickness of the spine section. Digital images were saved based on the
unique identification number on a 500 GB external hard drive. Spines were aged based
on the annuli that form like tree rings within the spine. For each spine section age was
determined by counting the number of annuli from the middle to the perimeter of each
spine. These ages were recorded in an excel spreadsheet without any associated length or
weight data to ensure there was no bias. Two blind readers then aged the appropriate
number of spines for each length class and recorded their ages in an excel spreadsheet.
Once ages were established an age length key was constructed to quantify the length/age
association of the channel catfish population in the San Juan River, NM. Spines collected
in 2002 were treated in the same manner as spines from 2011 with the difference that
they were already mounted on slides. Digital images were taken and pectoral spines were
aged in the same manner as previously mentioned. Water temperature was also taken into
consideration as it can have a large impact on channel catfish growth. The range of
temperatures adequate for channel catfish growth is between 23.8-32.2°C (Swann 1997),
and optimum growth for channel catfish has been determined to occur at 29.4°C
(Wellborn 1988). Average monthly temperature data was collected Shiprock, NM from
2002 to 2011.

Statistical Methods
A power analysis was conducted using the statistical program “R,” to determine
the number of samples needed to have 95% confidence to detect a difference of 15mm
between age at length from 2002 and 2011 samples. Based on the standard error of the
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2002 data, which was 21.15, the number of spines needed for 95% confidence in each
group is 27. This was not an issue as there were adequate numbers of samples within
each length category, therefore distribution of total lengths in the sampled population in
2011 allowed for comparisons with the sampled population in 2002.
Using the statistical program “R,” length/frequency histograms were constructed
for all individuals sampled in 2002 and 2011 respectively. Boxplots were created to
evaluate the variance and spread of the data between genders and years. The spread of the
data was evaluated to determine if the data was normally distributed. Levene’s test was
then conducted to determine if variances were equal between genders and years. If
spreads seemed different based on preliminary analysis, a Welch’s two-sample t-test was
conducted to determine if the presumed differences were statistically different.
To determine if differences existed between the condition factors of the fish
sampled in 2002 and 2011 an analysis of covariance was conducted. When evaluating
condition factor for the sampled channel catfish population in 2002 and 2011, an
ANCOVA was conducted to assess if differences existed between years. Due to the fact
that body forms change in a curvilinear manner with respect to increasing length the data
would be more difficult to analyze than data in a linear form (Guy and Brown 2007).
However, a simple solution is to logarithmically transform the data so that a linear
regression can be applied to the data and comparisons between years will be easier to
assess. In this manner weight is considered the dependent (Ws) variable, length is the
independent variable (L), β(0) is the overall intercept, β(y) is the adjustment for year and
β(1)is the slope of the line. The resulting equation is: log10(Ws)=β(0) + β(y) +
β(1)[log10(L)].
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Age/length keys were constructed for 2002 and 2011 based on the proportional
distributions of lengths for an estimated age. These tables are essentially contingency
tables that were constructed in “R” to evaluate the differences in groups. Each length
group is associated with a probability of age and all samples within a row represent a
single age class. To determine if differences exist in length at age between 2002 and 2011
two sided t-tests were conducted with total length as the response variable and year and
age as the explanatory variables. Data was imported into the statistical program NCSS
and Aspin-Welch unequal variance t-tests were run on all age categories between and
within years. Twelve age categories were compared between years, however, some ages
could not be compared across years due to extremely low sample sizes at the largest and
smallest lengths.
Due to bias that may exist in age estimation of a single reader it is important to
validate ages by quantifying the amount of bias and precision that exists between readers.
Ideally, validation is a comparison between fish of a known age relative to the estimated
ages of the samples collected from a population, allowing for an estimation of accuracy.
Due to the fact that fish of known ages were not available for the population of channel
catfish that were sampled for this study, a measure of bias and precision between agers
was more appropriate for this study (Campana 2001 and Campana et al 1995). An age
difference plot, and age bias graph were used to assess the bias between agers based on
the methods of validation suggested by Campana et al. (1995). To quantify a level of
precision, the coefficient of variation was calculated and was used as a measure of
precision between agers. Based on the fact that this study did not evaluate any fish of a
known age it is more appropriate that this method be referred to as age estimation rather
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than age determination. This type of graph is a comparison of assigned ages from two
different readers to establish variance and covariance and ultimately determine precision
for the aging of these samples. Although other methods exist for estimating precision in
aging calcified structures, including percent agreement and average percent error, it has
been suggested that the use of the coefficient of variation calculation is statistically more
rigorous than the other methods (Campana et al. 1995).
Results
In 2011 we were able to capture and sample 440 channel catfish in 535 minutes of
electroshocking lending to a catch per unit effort of .82fish/min or 49.38fish/hr. In 2002
data was collected from 116 males (51.2%) and 106 females (48.8%). In 2011 data was
collected from 229 males (52.3%) and 209 females (47.7%). The distribution of the
sampled fish includes 23 fish from the fish ladder at RM 166.6, 104 fish from Shiprock
bridge to Montezuma Creek, 260 fish from PNM to Hogback and 268 fish from Hogback
to Shiprock bridge. All of the fish sampled in 2002, 217 fish, were from PNM to
Hogback. All of the fish from both years were sampled between the months of April and
August, however, the fish sampled in April, 199 fish, were collected in 2002. The
additional 18 fish sampled in 2002 were collected in June. In 2011 109 fish were
collected in June and 329 fish were collected in August. Of the fish collected, 20 pectoral
spines used to age fish were either damaged in the field or in the laboratory while
attempting to obtain spine sections. Ten of these fish were from the 2002 sampling
season and 10 were from the 2011 sampling season.
In 2002, male total length ranged from 259 mm to 540 mm with an average length
of 383.6mm (±5.39 SE). Total length for females in the same year ranged from 257 mm
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to 499 mm with an average total length of 381.6mm (±5.74 SE). Total length for males in
2011 ranged from 83mm to 650mm with an average total length of 328.5 (±6.22 SE). In
2011, female total length ranged from 180mm to 581mm with an average total length of
336.4 (±6.47 SE). Histograms of fish total length based on year illustrated that the data
was normally distributed within years (Figure 3). Boxplots of gender and year showed
that the spread of the data was different between years but that the variance was equal
between genders (Figure 4). Further evaluations of distributions determined that the data
was normally distributed within years but that large differences in distribution exist
between years. The Levene’s test to determine whether differences exist in variance
between gender and year demonstrated overwhelming evidence that there was a
significant difference in variance between genders and years (p<.0001, F=13.59 from a
two-sided t-test with 3 and 651 df). An additional Levene’s test to evaluate the variances
that existed between only genders gave further evidence for differences in variances
between years (p<.92, F=.011 from a two-sided t-test with 1 and 653 df). Results from
the Welch’s two sample t-test suggest that there is a difference in the 2002 and 2011 male
populations (p<.0001, t=6.45 from a two-sided t-test with 322 df, 95% confidence
interval 36.92-69.34). Likewise the Welch’s t-test for the female populations in 2002 and
2011 also exhibited overwhelming evidence for differences in the populations (p<.0001,
t=5.45 from a two-sided t-test with 298 df, 95% confidence interval 30.14-64.20).
When evaluating if differences exist in total length at age between 2002 and 2011,
some differences existed that made comparisons between years impossible for some ages.
For instance, in 2011, 18 age one and 140 age 2 fish were collected during sampling,
however, in 2002 no fish of these ages were collected. Length at age comparisons were
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conducted for ages three through ten base on an adequate number of samples for
comparisons. Length at age for all age compared (3-10) were significantly smaller
between pre and post removal years (Figures 9 and 10). Age three fish were significantly
smaller prior to removal efforts in 2002 than in 2011 (t=-1.79, p<.01). Although a
significant difference exists in the total length at age 3 the sample sizes were very
different (i.e. 2 fish in 2002 and 149 fish in 2011). Age four and five fish were also
significantly smaller between pre and post removal efforts (t=4.1-6.6, p<.01). Age six and
seven fish were also significantly smaller between pre and post removal efforts (t=3.55.5, p<.01). Age eight and nine fish were significantly smaller between pre and post
removal efforts (t=3.8-5.1, p<.01). Although sample size was smaller in age 10 fish (i.e.
combined 8 fish from both years), fish were again smaller pre removal versus post
removal efforts (t=1.2. p<.01). Age 11 and 12 fish were not compared between years due
to the low sample sizes for these age classes (i.e. 3 age 11 fish and 1 age 12 fish. In all
cases where significant differences were observed in total length at age, the fish sampled
in 2011 were larger at age then in 2002.
Condition indices are often used to assess the general health, community structure
and even environmental influences on fish populations (Guy and Brown 2007). An
analysis of condition factor was conducted on the channel catfish sampled in the San Juan
River in 2002 and 2011. The ANCOVA demonstrated that after accounting for
differences in length, there are significant differences in weight between the years of
2002 and 2011(p<.03, t=2.33 from an ANCOVA with 633 df). In addition the graph of
these data (Figure 7) demonstrates the variability of these data points from 2002 and
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2011. Channel catfish sampled in 2011 were heavier in weight at a given length then
channel catfish in sampled in 2002.
Data from water temperature analysis suggests that in 2002 water temperatures
were higher for all months than in subsequent years. In addition since temperature data
has been recorded on the river water temperatures have never reached the optimal growth
temperatures suggested for channel catfish. Water temperatures have fluctuated from
2002-2011 with the greatest variations occurring between the months of April through
June. However, a trend towards lower or higher water temperatures over the course of
the last 10 years is not apparent in the data. In 2002, channel catfish were sampled in
April with an average water temperature of 15 °C and in 2011 channel catfish were
sampled in June and August with average monthly water temperatures of 16 oC and 23.8
o

C respectively. Since the water temperature is significantly higher in August of 2011

than in April of 2002, there is a possibility that some of the differences observed in length
at age and condition factor are confounded by the increased growth during months of
warmer water temperatures.
Water temperature also plays a role in capture efficiency when sampling with
electrofishing gear. A study evaluating this phenomenon determined that capture
efficiency was significantly higher in water temperatures of 18 °C or higher (Bodine and
Shoup 2010). Based on these data the August sampling trip should have a higher capture
rate than the April and June sampling as the water temperature was at 23.8 oC in August.
There were over 3 times more fish captured in August than in June of 2011, however
different portions of the river were sampled in June and August and therefore confound
an accurate assessment of capture efficiency. However, based on the CPUE of the San
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Juan River Recovery and Implementation Program removal rafts that operated on all
sections of the river throughout the summer the CPUE for PNM to Hogback diversion
increased from 1fish/hr. to 13fish/hr. Due to the increase in capture efficiency in the later
summer months there is a possibility that the lack of age 1 and 2 channel catfish in the
2002 sampled population is a direct result of lower water temperatures effecting the
strength of the electrical current and there for capture efficiency.

Discussion

Results from the analysis of the sampled channel catfish population suggest that
differences exist in the population structure between 2002 and 2011. Males and females
from the sampled populations in 2002 and 2011 exhibit similar population structure with
respect to total length within a given year. However, the total length distributions of
male and female catfish between years are significantly different. The length frequency
histograms (Figure 3) illustrate the distributions of total lengths for the sampled
population.
The age structure of the sampled channel catfish population was also different from
2002 to 2011. The most obvious difference is the fact that 158 channel catfish of age 1 or
2 were collected in 2011 and no fish of this age class were collected in the sample from
2002. An evaluation of the distribution of age one and two fish showed that there were 87
collected in August and 71 in June. This distribution shows that the collection of younger
age individuals (age one and two fish) was not based on water temperature increasing
capture efficiency of smaller fish in August as opposed to June in 2011.
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When comparing the channel catfish length at age between 2002 and 2011 many
differences were observed. For all age classes compared (i.e. 3-12) between 2002 and
2011 the length at age for the channel catfish were significantly different. However, the
shift that was expected from a compensatory response to removal of larger fish was not
observed. I hypothesized that the channel catfish length at age would decrease over the
years due to exploitation of the >300 mm fish through electrofishing removal efforts.
However, the opposite effect seems to be developing in the San Juan River system. All
age length categories compared suggest that the fish in the system now are larger at age
then they were in 2002. This data was supported by the findings in the 2011 San Juan
River Recovery and Implementation Program Report (Duran et al. 2012). The report
suggests that the mean total length of all fish removed in 2011 (341 mm ± 6.4) was
significantly lower than in than the previous year (427 mm ± 8.1). This decrease in mean
total length was attributed to the decrease of large adults captured in 2011. In addition,
although the mean total length for channel catfish was different in 2002 than in 2011 the
distribution of total lengths creates some degree of overlap within a given age category.
Therefore, although the mean total length is an important metric to take into account the
age/length structure of the channel catfish may be more telling of the changes in the
sampled population.
Another comparison was made in the San Juan River Recovery and Implementation
report as to the number of juvenile and sub-adult channel catfish observed in the river
system. The report suggest that an increase in juvenile and sub-adult abundance was
observed in all sections of the San Juan River in 2011 compared to previous years. This
observation strengthens the argument that the increase of age 1 and 2 fish observed in
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2011 as compared to 2002 is a result of differences in the population structure of the
channel catfish and not owing to the capture efficiency tied to differences in water
temperature between months (Duran et al. 2012)
Due to time and funding constraints otolith preparation and aging was not conducted.
These samples were to be compared with pectoral spines to determine if these hard parts
were consistent with one another with respect to age. However, many papers have
evaluated the efficacy of aging fish using otoliths and pectoral spines. One study
evaluated the age estimates derived from sagittal otoliths and pectoral spine sections and
found that for over 90% of the samples ages were consistent (Buckmeier et al 2002).
Another paper evaluating the precision of age estimations between pectoral spines and
otoliths determined that the average percent error when aging otoliths and spines was
8.4% with a coefficient of variation of 11.4. In addition the slope of the age bias plots
was not different than one which is an indication that there were similar age assignments
between structures (Colombo et al. 2010). The data was so compelling in the previous
mentioned article that the authors saw fit to suggest the use of pectoral spines over
otoliths as an aging structure. For these reasons I feel confident that the use of pectoral
spine sections as an age estimator in channel catfish is an adequate and appropriate
methodology.
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CHAPTER FOUR
CONCLUSIONS
The findings of this study suggest that differences do exist in the length at age of
channel catfish sampled in the San Juan River in 2011 when compared to 2002.
However, the compensatory response of smaller size at age that was hypothesized for the
population was not observed in the sampled population. The sampled population in 2011
did have a higher abundance of juvenile and sub-adult fish than in 2002, however, all age
classes were larger in length for a given age in 2011 than in 2002. This data suggests that
the hypothesized effects of electroshocking removal efforts are not causing a selective
pressure towards smaller individuals. In fact the opposite effects was observed as the
sampled channel catfish population in 2011 was longer at a given age than before
removal efforts were established in 2001. Although the presence of larger adult channel
catfish has decreased in the sampled population in the San Juan River, the emergence of
so many juveniles should be of some concern. This increase in abundance of younger fish
suggests that the channel catfish are successfully reproducing in the river system. In
addition, the larger size at age of the sampled channel catfish in 2011 compared to 2002
suggests that resource availability is not an issue for this species at the moment. The
fluctuations observed in the mean total length of channel catfish sampled from 2001 to
2011 suggest that there is not a general trend towards larger or smaller mean total length
across years. Although mean total length was given as a function of all catfish captured
and removed, the presence or absence of large adult channel catfish seems to be the
driving factor in the overall mean total length of channel catfish reported (Duran et al.
2012). Since the reproductive potential for channel catfish was determined to be beyond
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the 400 mm mark, the absence of large adults does not seem to suggest a lack of
reproductive potential. Since the size at age of channel catfish has increased, when
compared to 2002, these fish maybe more fecund than in previous years. This increase in
fecundity at a younger age may account for the increase in juvenile abundance observed
over the years. My suggestion is that the fluctuations observed in the abundance of large
adult channel catfish, illustrated by increases and decreases in mean total length, may not
explain the fluctuations observed with increased juvenile abundance. I believe that further
studies should be conducted to systematically address the biotic and abiotic factors that
could be driving these fluctuations in length at age and condition factor. Comparisons
should be made to the length at maturity table provided by this paper to determine if the
reproductive potential of channel catfish differs from year to year and how this
relationship could be tied to juvenile or large adult abundance for a given year.

19

Works Cited

Bake, J.E. 1985. The All-American Fish. Animal Kingdom. New York Zoological
Society, Bronx July/August (1985):19-23.
Bestgen, K. R., R.T. Muth, and M.A. Trammell. 1998. Downstream transport of
Colorado
pikeminnow larvae in the Green River drainage: temporal and spatial variation in
abundance and relationships with juvenile recruitment. Department of Fishery and
Wildlife Biology, Colorado State University. Fort Collins.
Bestgen, K. R. W., M. A. 1994. Effects of fluctuating and constant temperatures
on early development and survival of Colorado squawfish. Transactions of the
American Fisheries Society 123:574-579.
Bodine, K. A. and D. E. Shoup. 2010. Capture efficiency of blue catfish electrofishing
and the effects of temperature, habitat and reservoir location on electrofishingderived length structure indicies and relative abundance. North American Journal
of Fisheries Management 30:613-621.
Bohl, R. J., T. B. Henry, and R. J. Strange. 2010. Electroshock-induced mortality in
freshwater fish embryos increases with embryo diameter: a model based on
results from 10 species. Journal of Fish Biology 76(4):975-986.
Bohl, R. J., T. B. Henry, R. J. Strange, and P. L. Rakes. 2009. Effects of Electroshock on
Cyprinid Embryos: Implications for Threatened and Endangered Fishes.
Transactions of the American Fisheries Society 138(4):768-776.
Brandenburg, W. H. a. M. A. F. 2011. Colorado pikeminnow and razorback sucker larval
fish survey in the San Juan River during 2010. U.S. Fish and Wildlife Service,
Albuquerque.
Britton, J. R. 2006. Eradicating the invasive topmouth gudgeon, Pseudorasbora parva,
from a recreational fishery in northern England. Fisheries Management and
Ecology 13:329-335.
Brooks, J. E., M.J. Buntjer, J.R. Smith. 2000. Non-native species interactions:
Management implications to aid in recovery of the Colorado pikeminnow
Ptychocheilus lucius and razorback sucker Xyrauchen texanus in the San Juan
River. U.S. Fish and Wildlife Service, Albuquerque NM.
Brown, B.E., I. Inman and A. Jerald Jr. 1970. Schooling and shelter seeking tendencies
in fingerling channel catfish. Transactions of the American Fisheries Society
99:540-545.
Brown, A.V. and M. L. Armstrong. 1985. Propensity to drift downstream among various
species of fish. Journal of Freshwater Ecology 3:3-17.
Buckmeier, D.L., Irwin, E.R., Betsill, R.K. and Prentice, J.A. 2002. Validity of otoliths
and pectoral spines for estimating ages of channel catfish. North American
Journal of Fisheries Management 22:934-942.
Campana, S.E. 2001. Accuracy, precision, and quality control in age determination,
including a review of the use and abuse of age validation models. Journal of Fish
Biology 59:197-242
Campana, S.E., M.C. Annand, and J.I. McMillian. 1995. Graphical and statistical
methods for determining the consistency of age determinations. Transactions

20

of the American Fisheries Society 124:131-138
Carlson, C. A., and R.T. Muth 1989. The Colorado River: lifeline of the American
Southwest. Canadian Special Publication of Fisheries and Aquatic Sciences
106:220-239.
Cazorla, A. L. a. N. S. 2011. Age, growth and reproduction in creole perch (Percichthys
trucha) in the Negro River, Argentinean Patagonia. Journal of Applied
Ichthyology 27:30-38.
Colombo, R.E., Phelps, Q.E, Miller, C.M., Garvey, J.E., Heidinger, R.C., and Richards,
N.S. 2010. Comparison of channel catfish age estimates and resulting population
demographics using two common structures. North American Journal of
Fisheries Management 30:305-308.
Coon, T.G. and H.R. Dames. 1991. Catfish movement and habitat use in a Missouri River
tributary. Proceedings of the Annual Conference Southeastern Association of
Fish and Wildlife Agencies 43:119-132.
Dalbey, S. R., T. E. McMahon, and W. Fredenberg. 1996. Effect of electrofishing pulse
shape and electrofishing-induced spinal injury on long-term growth and survival
of wild rainbow trout. North American Journal of Fisheries Management
16(3):560-569.
Davis, J. E. 2003. Non-native species Monitoring and Control, San Juan River 19992001. U.S. Fish and Wildlife Service, Albuquerque.
Davis, J. E. 2004. Non-native Species Monitoring and Control in the Upper San Juan
River, New Mexico. U.S. Fish and Wildlife Service, Albuquerque.
Davis, J. E. 2005. Non-native species monitoring and control in the Upper San Juan
River, New Mexico 2004. U.S. Fish and Wildlife Service Albuquerque, NM.
Davis, J. E., D.W. Furr, E. Teller. 2009. Nonnative species monitoring and control in the
upper San Juan River:2008. U.S. Fish and Wildlife Service, Albuquerque, NM.
Davis, J. E. a. D. W. F. 2007. Non-native Species Monitoring and Control in the Upper
San Juan River, New Mexico. U.S. Fish and Wildlife Service, Albuquerque.
Dawson, V. K., and C. S. Kolar. 2003. Integrated management techniques for the control
of nonnative fishes. Completion report submitted to the Bureau of Reclamation
by the U.S. Geological Survey, Upper Midwest Environmental Sciences Center,
La Crosse, Wisconsin, December 2003, 146 p. + Appendixes A–F.
Douglas, M. R., Brunner, P.C., and Douglas, M.E. 2003. Drought in an evolutionary
context: Molecular variability in flannelmouth sucker (Catostomus latipinnis)
from the Colorado River Basin of Western North America. Freshwater Biology
48:1254-1273.
Duran, B.R., Davis, J. E. and E. Teller. 2011. Nonnative species monitoring and control
in the upper San Juan River:2008. U.S. Fish and Wildlife Service, Albuquerque,
NM.
Dwyer, W. P., and D. A. Erdahl. 1995. Effects of electroshock voltage, wave form, and
pulse rate on survival of cutthroat trout eggs. North American Journal of Fisheries
Management 15(3):647-650.
Elverud, D. S. 2008. Nonnative Control in the Lower San Juan River 2007. Utah Division
of Wildlife Resources, Moab.
Elverud, D. S. 2009. Nonnative Control in the San Juan River 2008. Utah Division of
Wildlife Resources, Moab.

21

Elverud, D. S. 2010. Nonnative Control in the Lower San Juan River 2009. Utah Division
of Wildlife Resources, Moab.
Elverud, D. S. a. J. A. J. 2007. Nonnative Control in the Lower San Juan River 2006.
Utah Division of Wildlife Resources, Moab.
Flotemersch, J.E., Jackson, D.C., and J.R. Jackson. 1999. Channel catfish movements in
relation to river channel-flood plain connections. Proceedings of the Annual
Conference Southeastern Association of Fish and Wildlife Agencies 51:106-112.
Franssen, N. R., Gido, K.B. and D.L. Propst. 2006. Trophic relations of Colorado
Pickeminnow, Final Report. New Mexico Department of Game and Fish, Santa
Fe.
Furr, D. W. 2010. Augmentation of Colorado pikeminnow (Ptychocheilus lucius) in the
San Juan River Phase II 2010-2020. U.S. Fish and Wildlife Service, Albuquerque.
Furr, D. W. 2011. Augmentation of Colorado pikeminnow in the San Juan River 2010.
U.S. Fish and Wildlife Service, Albuquerque.
Gerhardt, D. R. a. W. A. H. 1991. Population dynamics of a lightly exploited channel
catfish stock in the Powder River system, Wyoming-Montana. North American
Journal of Fisheries Management 11:200-205.
Grinnell, J. 1914. An account of the mammals and birds of the lower Colorado Valley,
with special reference to the distributional problems present. University of
California Publications in Zoology 12:51–294.
Guy , C.S., and M. L. Brown, editors. 2007. Analysis and interpretation of freshwater
fisheries data. American Fisheris Society, Bethesda, Maryland.
Hamman, R. L. 1981. Spawning and culture of Colorado squawfish in raceways.
Progressive Fish-Culturist 43:173-177.
Henry, T. B., and J. M. Grizzle. 2003. Electroshocking-induced injuries in newly
transformed juvenile fish. Journal of Aquatic Animal Health 15(2):147-157.
Henry, T. B., and J. M. Grizzle. 2004. Survival of largemouth bass, bluegill and channel
catfish embryos after electroshocking. Journal of Fish Biology 64(5):1206-1216.
Hilborn, R., Annala, J and D. S. Holland. 2006. The cost of overfishing and management
strategies for new fisheriies on slow-growing fish: orange roughy (Hoplostethus
atlanticus) in New Zealand. Canadian Journal of Fisheries and Aquatic Sciences
63:2149-2153.
Holden, P. B. a. E. J. W., editor. 1992. Life history and prospects for recovery of
Colorado squawfish. American Fisheries Society, Bethesda, Maryland.
Irwin, E.R., Freeman, M.C., and K.M. Costley. 1999. Habitat use by juvenile channel
catfish and flathead catfish in lotic systems in Alabama. Proceedings of the
International Ictalurid Symposium, American Fisheries Society 24:223-230.
Jackson, J. A. 2003. Nonnative Control in the Lower San Juan River 2002 Utah Division
of Wildlife Resources, Moab.
Jackson, J. A. 2004. Nonnative Species Control in the Lower San Juan River 2003. Utah
Division of Wildlife Resources, Moab.
Jackson, J. A. 2005. Nonnative Control in the Lower San Juan River 2004. Utah Division
of Wildlife Resources, Moab.
Jackson, J. A. 2006. Nonnative Control in the Lower San Juan River 2005. Utah Division
of Wildlife Resources, Moab.

22

Lu, X. N., and coauthors. 2010. Distinguishing Ovarian Maturity of Farmed White
Sturgeon (Acipenser transmontanus) by Fourier Transform Infrared Spectroscopy:
A Potential Tool for Caviar Production Management. Journal of Agricultural and
Food Chemistry 58(7):4056-4064.
McAda, C. W., and Wydoski, R.S. . 1980. The razorback sucker, Xyrauchen texanus, in
the Upper Colorado River Basin, 1974–1976. U.S. Fish and Wildlife Service,
Denver, CO.
McCarthy, M. S., and Minckley, W.L. . 1987. Age estimation for razorback sucker
(Pisces: Catostomidae) from Lake Mohave, Arizona-Nevada. Journal of the
Arizona-Nevada Academy of Sciences 21:87-97.
McHugh, J. L., and editors. 1984. Industrial fisheries. Springer-Verlag, New York.
Miller, R. R. 1961. Man and the changing fish fauna of the American Southwest. Papers
of the Michigan Academy of Science, Arts, and Letters 46:365-404.
Minckley, W. L. 1973. Fishes of Arizona. Arizona Game and Fish Department Phoenix,.
Minckley, W. L. 1983. Status of the razorback sucker, Xyrauchen texanus (Abbott), in
the Lower Colorado River Basin. The Southwestern Naturalist 28(2):165-187.
Minckley, W. L., and Deacon, J.E. . 1991. Battle against extinction: Native fish
management in the American West: Tucson and London. The University of
Arizona Press:517.
Modde, T., and D. B. Irving. 1998. Use of multiple spawning sites and seasonal
movement by razorback suckers in the Middle Green River, Utah. North
American Journal of Fisheries Management 18(2):318-326.
Mueller, G. 2006a. Ecology of Boneytail and Razorback sucker and the role of offchannel habitats in their recovery. U S Geological Survey Scientific
Investigations Report:64.
Mueller, G., Horn, M., Kahl, Jr., J., Burke, T., and Marsh, P. 1993. Use of larval light
traps to capture razorback sucker (Xyrauchen texanus) in Lake Mohave, ArizonaNevada. The Southwestern Naturalist 38:399-402.
Mueller, G., Marsh, P.C., Knowles, G., and Wolters, T. 2000. Distribution, movements,
and habitat use of razorback sucker (Xyrauchen texanus) in a lower Colorado
River reservoir: Arizona-Nevada. Western North American Naturalist 60(180187).
Mueller, G. A. 2006b. Ecology of bonytail and razorback sucker and the role of offchannel habitats in their recovery. U.S. Geological Survey Scientific
Investigations Report.
Mueller, G. A., and Marsh, P.C. 2002. Lost, a desert river and its native fishes: A
historical perspective of the Lower Colorado River.
Muth, R. T., and Haynes, C.M. 1984. Plexiglas light-trap for collecting small fishes in
low-velocity riverine habitats. Progressive Fish-Culturist 46:59-62.
Nesler, T. P., R.T. Muth, and A.F. Wasowicz. 1988. Evidence for baseline flow spikes
and
spawning cues for Colorado squawfish in the Yampa River, Colorado. American
Fisheries Society Symposium 5:68-79.
Osmundson, D. B., and Kaeding, L.R. 1989. Colorado squawfish and razorback sucker
grow-out pond studies as part of conservation measures for the Green Mountain

23

and Ruedi Reservoir water sales. U.S. Fish and Wildlife Service, Grand Junction,
Colorado.
Osmundson, D. B. B., K. P. 1998. Status and trends of the endangered Colorado
squawfish in the upper Colorado River. Transactions of the American Fisheries
Society 127:957-970.
Pflieger, W.L. 1997. The fishes of Missouri. Missouri Department of Conservation,
Jefferson City, Missouri 372pp.
Pitlo, J., Jr. 1997. Response of upper Mississippi River channel catfish populations to
changes in commercial harvest regulations. North American Journal of Fisheries
Management 17(4):848-859.
Platania, S. P., K. R. Bestgen, M. A. Moretti, D. L. Propst, and J. E. Brooks. 1991. Status
of Colorado squawfish and razorback sucker in the San Juan River, Colorado,
New Mexico, and Utah. The Southwestern Naturalist 36:147-150.
Portz, D. E., and Tyus, H.M. 2004. Fish humps in two Colorado River fishes: a
morphological response to cyprinid predation? Environmental Biology of Fishes
71:233-245.
Quagio-Grassiotto, I., Grier, H., Mazzoni, T.S., Nobrega, R.H. and J.P.A. Amorim. 2011.
Activity of the ovarian germinal epathelium in the freshwater catfish
(Teleosti:Osteriophysi: Siluriformes): Germline cysts, follicle formation and
oocyte development. Journal of Morphology 272:1290-1306.
Ruzycki, J. R., Beauchamp, D.A. and D.L. Yule 2003. Effects of introduced lake trout on
native cutthroat trout in Yellowstone Lake. Ecological Applications 13:23-37.
Ryden, D. 2001. Monitoring of razorback sucker Stocked into the San Juan River as Part
of a Five-Year Augmentation Effort. U.S. Fish and Wildlife Service, Grand
Junction.
Ryden, D. a. D. E. 2010. Razorback sucker survey of the San Juan River arm of Lake
Powell. U. S. Fish and Wildlife Service, Grand Junction, Colorado.
Ryden, D. W. 1997. Five-year augmentation plan for razorback sucker in the San Juan
River. U.S. Fish and Wildlife Service, Grand Junction.
Ryden, D. W. 2000. Monitoring of Razorback Suckers Stocked into the San Juan River as
Part of a Five Year Augmentation Effort. U.S. Fish and Wildlife Service, Grand
Junction.
Ryden, D. W. 2003b. An Augementation Plan for Colorado pikeminnow in the San Juan
River. U.S. Fish and Wildlife Service, Albuquerque.
Ryden, D. W. 2005. Long term monitoring of sub-adult and adult large-bodied fishes in
the San Juan River, 2004. U.S. Fish and Wildlife Service, Grand Junction, CO.
Ryden, D. W. 2008a. Augmentation of the San Juan River razorback sucker
population:2007. U.S. Fish and Wildlife Service, Albuquerque.
Snyder, D.E. 2003. Electrofishing and its harmful effects on fish. U.S. Geological
Survey, Information and technology report USGS/BRD/IRT-2003-0002, Denver,
Colorado.
Stanford, J. A., and Ward, J.V., editor. 1986. The Colorado River System. Dr. W. Juck,
Dordrecht, The Netherlands.
Sublette, J. E., M.D. Hatch, and M. Sublette. 1990. Fishes of New Mexico. University of
New Mexico Press, Albuquerque.

24

Swann, L. 1997. A fish farmer's guide to understanding water quality. Aquaculture
extention fact sheet AS-503. Illinios-Indiana Sea Grant Program, Champaign.
Tucker, C.S. and J.A. Hargreaves. 2004. Biology and culture of channel catfish. New
York. Elsevier.
Tyus, H. M. 1987. Distribution, reproduction, and habitat use of the razorback sucker in
the Green River, Utah, 1979–1986. Transactions of the American Fisheries
Society 116(111-116).
Tyus, H.M. and N. H. Nikirk. 1990. Abundance, growth, and diet of channel catfish,
(Ictalurus punctatus), in the Green and Yampa Rivers, Colorado and Utah. The
Southwestern Naturalist 35(2): 188-198.
Tyus, H. M., editor. 1991. Ecology and management of Colorado squawfish. University
of Arizona Press, Tucson, AZ.
Ulmer, L. C., and Anderson, K.R. 1985. Management plan for the Razorback sucker
(Xyrauchen texanus) in California. California Department of Fish and Game
Region 5.
Valdez, R. A., and Clemmer, G.H., editor. 1982. Life history and prospects for recovery
of the humpback and bonytail chub. American Fisheries Society, Bethesda,
Maryland.
Valdez, R. A., and Wick, E.J., editor. 1983. Natural vs. manmade backwaters as native
fish habitat, Ann Arbor, Michigan.
Wellborn, T.L. 1988. Channel catfish life history and biology. Southern regional
aquaculture center, publication 180, Stoneville, Mississippi.
Wydoski, R. S., and Wick, E.J. 1998. Ecological value of floodplain habitats to razorback
suckers in the Upper Colorado River basin: Upper Colorado River Basin
Recovery Program. U.S. Fish and Wildlife Service, Denver, Colorado.

25

Figures and Tables

Age
1
2
3
4
5
6
7
8
9
10
11
12

0-100
*
*
*
*
*
*
*
*
*
*
*
*

101-200
*
*
*
*
*
*
*
*
*
*
*
*

2002 Age/Length Key
Length
201-300
301-400
401-500
*
*
*
*
*
*
*
50.0%
50.0%
*
25.0%
75.0%
10.3%
76.9%
12.8%
3.6%
76.4%
16.4%
*
48.1%
48.1%
*
34.6%
61.5%
*
33.3%
66.7%
*
20.0%
40.0%
*
*
100.0%
*
*
100.0%

# Fish
501-600
*
*
*
*
*
3.6%
3.8%
3.8%
*
40.0%
*
*

601-700
*
*
*
*
*
*
*
*
*
*
*
*
Total

0
0
2
16
39
55
52
26
9
5
2
1
207

Figure(1) Age Length Key for sample population of the San Juan River, NM 2002. Values are given as
percentage of the sampled population within a length/age category. *Denotes a value of zero or that no
individuals of length x were of age y.
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Figure(2) Age Length Key for sample population of the San Juan River, NM 2002. Values are given as
percentage of the sampled population within a length/age category. *Denotes a value of zero or that
no individuals of length x were of age y.
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Figure (3): Length/Frequency histograms for channel catfish (Ictalurus punctatus) sampled in the
San Juan River, NM in 2011 and 2002 respectively.

Figure (4): Boxplots of total lengths(mm) for channel catfish collected in 2002 and 2011 based
on gender. The figure illustrates the mean total lengths and spread of the data collected.
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Figure(5): Table of length and maturity for the sampled channel catfish population in the San
Juan River 2011. Values are given as percentage of the sampled population within a
length/maturity stage category. *Denotes a value of zero or that no individuals of length x were
of stage y.
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Figure (6): Graph of average total lengths calculated for stage of maturity. Stages 1, 5 and 9 do
not have values as the samples were staged based on the highest level of maturation observed.
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Age

Number at Age
1
2
3
4
5
6
7
8
9
10
11
12
total

Mean TL (mm)

SD

Minimum Maximum

*
*

*
*

*
*

*
*

*
*

2
16
39
55
52
26
9
5
2
1
207

281.5
329.4
347.8
373.5
402.9
410.9
430.4
473.0
429.5
499

34.6
32.7
42.0
47.4
52.4
44.7
57.7
76.1
31.8
0

257
280
259
297
316
330
320
377
407
499

306
384
436
535
540
522
497
582
452
499

Table (1) Mean total length at age of channel catfish sampled in the San Juan River, NM 2002

Age
1
2
3
4
5
6
7
8
9
10
11
12
total

Number at Age
18
140
149
25
8
14
29
26
15
3
1
*
428

Mean TL (mm)
203.6
256.3
325.9
385.3
449.8
438.5
455.8
476.0
516.7
536.7
555.0
*

SD Minimum Maximum
19
156
226
30
180
333
36
228
523
48
322
512
36
409
530
38
379
512
63
283
581
46
379
579
46
457
650
58
499
604
0
555
555
*
*
*

Table (2) Mean total length at age of channel catfish sampled in the San Juan River, NM 2011
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Comparison of Total Length (mm) at Age in
2002 vs. 2011
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Figure (9): Comparison of mean total length (mm) at age for channel catfish sampled in 2002
and 2011. Mean total lengths at age were smaller for between pre and post removal years
(2002‐2011).
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Figure (10): Linear regression of channel catfish mean total length at age. Differences can be
observed in the position and slopes of the lines between pre and post removal efforts in 2002
and 2011 respectively.
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Figure (7): Graph of log relationship of weight and total length from channel catfish sampled on
the San Juan River in April 2002 and June and August 2011.
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Temperature Profiles for the San Juan River
2002‐2011
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Figure (8): Graph of temperature profiles for the San Juan River, NM from 2002 to 2011.
Temperatures are average monthly water temperatures for the San Juan River.

