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EXECUTIVE SUMMARY

Between Shiprock, New Mexico and Chinle Creek, Utah, secondary channels are
a common feature of the San Juan River.  Prior to initiation of the San Juan River Seven-
Year Research Program no studies specific to secondary channels had been conducted.
As part of the Seven-Year Research Program, research was initiated in 1991 to
characterize the fish fauna of San Juan River secondary channels, to discern seasonal-use
patterns of secondary channels by common fishes, to evaluate the effects of different flow
regimes on common fish species, and to characterize use of secondary channels by rare
fishes (roundtail chub, Colorado pikeminnow, and razorback sucker).  Summer
inventories of secondary channels were initiated in 1991 and spring and autumn
inventories began in 1993.  Research on secondary channels occurred in Geomorphic
Reaches 5, 4, and 3.  Flows of 1500 cfs wetted most secondary channels and flows of
2500 cfs inundated almost all.

During spring, when flows were at least 2500 cfs, native flannelmouth sucker and
bluehead sucker and nonnative common carp and channel catfish numerically dominated
secondary channel fish collections.  Small-bodied fishes such as native speckled dace and
nonnative red shiner and fathead minnow, were uncommon in spring collections.  The
sampling technique, raft-mounted electrofishing, was not an effective means of collecting
small-bodied fishes.  Abundance of flannelmouth sucker was less in 1997 than 1993 in all
reaches, but the decline was most apparent in Reach 4.  Although abundance evidently
declined, mean total length, mean biomass, size-structure, and age-structure were not
markedly different in 1997 from that found in 1993.  Bluehead sucker abundance was
least in 1995 in all Reaches and second greatest in 1997.  Neither mean total length nor
biomass was appreciably different in 1997 than that found in 1993.  In Reach 5, where
bluehead was typically most common, there was little change in size- or age-structure,
but in Reach 3 (where least common), there was considerable variation in these
population attributes among years.  In all years in all Reaches, most common carp
captured were > 400 mm total length and thus adults.  Common carp were slightly more
common in all reaches in 1997 than 1993, but mean total length and biomass did not
change.  Abundance of channel catfish in Reaches 5 and 4 was slightly greater in 1997
than 1993, but was considerably greater in Reach 3 in 1997 than 1993.  Total biomass,
however, was greater in 1993 than 1997 in Reaches 5 and 4.  In Reach 3, total biomass
was least in 1993, but from1995 through 1997 did not change.  Mean total length and
biomass declined from 1993 through 1997 in all reaches, but most dramatically in
Reaches 5 and 4.  Changes in size- and age-structure of channel catfish were also noted;
smaller and younger fish were more common in collections in 1997 than 1993.  In most
years (1994 through 1997) and Reaches flannelmouth sucker was slightly more abundant
in secondary channels than the primary channel.  Bluehead sucker, however, tended to be
more common in the primary than secondary channels.  In Reach 5, common carp were
more common in secondary channels than primary channel in all years and usually so in
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Reach 3.  In Reach 4, there was no pattern.  In Reaches 5 and 4, channel catfish
abundance was usually slightly greater in secondary channels than primary; in Reach 3 in
1995 and 1996 secondary channel abundance was considerably greater. One adult
Colorado pikeminnow was collected in a secondary channel in 1994.  Razorback suckers
(likely stocked individuals) were found in secondary channels in 1995, 1996, and 1997.

Fish species common during spring inventories were usually uncommon or rare in
summer collections; most individuals of these species found in summer were young-of-
year or juveniles.  During summer, abundance of fishes in secondary channels varied
considerably from year to year (1991 through 1997).  Greatest abundance (Reaches
combined) occurred in 1993 and 1995 and least in 1997.  Shannon-Wiener Diversity was
slightly less in 1997 than 1993.  In Reach 5, red shiner was the most abundant species in
four years, fathead minnow in two, and bluehead sucker in one.  Bluehead sucker (almost
all Age 0) summer abundance was greatest in 1995, a high spring runoff year.  Speckled
dace was usually second- or third-most abundant species.  Total fish abundance peaked in
1993 and was least in 1997; Shannon-Wiener Diversity was least in 1991 and changed
little from 1993 through 1997.  No attribute of spring runoff  was significantly related to
summer abundance of red shiner, fathead minnow, speckled dace, flannelmouth sucker or
channel catfish in Reach 5.  Summer abundance of bluehead sucker was, however,
significantly and positively related to four of five attributes of spring runoff.  Red shiner
was the most abundant species in Reach 4 in all years except 1996 when fathead minnow
was most abundant.  Speckled dace was the second-most common species in five of
seven years; it was third-most common in 1994 and sixth-most common in 1996 (a low
spring runoff and summer flow year).  Total abundance of fishes in Reach 4 peaked in
1993 and 1995 and was least in 1997.  Shannon-Wiener Diversity Index declined from
1991 through 1997.  Summer abundance of red shiner was fairly strongly, but not
significantly, positively related to most attributes of spring discharge in Reach 4.
Speckled dace abundance was significantly and positively related to four of five spring
runoff attributes.  Flannelmouth sucker abundance was strongly, but not significantly,
related to days discharge > 5000 cfs and bluehead sucker abundance was most strongly
related to days discharge > 8000 cfs.  Abundance of fathead minnow and channel catfish
was not related to any attribute of spring runoff.  Red shiner was the most abundant
species in Reach 3 in all years except 1995 and 1996, when fathead minnow was most
abundant.  Speckled dace was the second-most abundant species in all years except 1994
and 1996; its abundance was least in 1996, a low spring runoff and summer flow year.
Similar to Reach 4, total abundance peaked in Reach 3 in 1993 and 1995 (high spring
runoff years) and was least in 1997.  Shannon-Wiener Diversity declined from 1991
through 1997.  Summer abundance of red shiner was significantly, and positively, related
to days spring discharge >5000 cfs.  Speckled dace and bluehead sucker abundance was
significantly, and positively, related to four of five spring runoff attributes.  Summer
abundance of flannelmouth sucker was most strongly related to days discharge > 5000
cfs.  No attribute of spring runoff was related to summer abundance of fathead minnow or
channel catfish.  Neither Colorado pikeminnow nor razorback sucker was collected in
secondary channels during summer.
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Fish species common in summer collections were also common in autumn
collections.  Plains killifish and western mosquitofish were generally more common in
autumn than summer collections.  Between 1993 and 1995 total autumn abundance of
fishes (Reaches combined) did not change appreciably.  Total abundance in 1996 (a low
spring runoff and summer flow year) was substantially less than in preceding years.  In
1997, total abundance was the lowest of the study.  From 1993 through 1996, Shannon-
Wiener Diversity declined but increased in 1997 to the second-highest value of the study.
Total abundance of fishes in Reach 5 peaked in 1993 and 1996 and was lowest in 1997.
Between 1993 and 1995, Shannon-Wiener Diversity changed little, declince in 1996, and
was highest in 1997.  Red shiner was the most abundant species in autumn collections in
Reach 5 in all years, except 1997 (high spring runoff and summer flows) when speckled
dace was most abundant. Fathead minnow and specked dace were usually the second- or
third-most common species.  Flannelmouth sucker and bluehead sucker were rare in
1996, a low spring runoff and summer flow year.  Colorado pikeminnow, likely stocked
individuals, was the third-most common species in Reach 5 secondary channels in 1997.
Roundtail chub was found only in 1997.  No attribute of summer discharge was
significantly related to any commonly-collected species, except the positive relationship
between autumn abundance of western mosquitofish and days discharge < 500 cfs.
Attributes indicative of low summer flow were negatively related to autumn abundance
of native species.  Mean summer discharge was negatively related to red shiner
abundance.  Between 1993 and 1996, total abundance of fishes in Reach 4 declined
slightly, but abundance in 1997 was considerably less than in preceding years.  Shannon-
Wiener Diversity changed little from 1993 through 1996 and increased slightly in 1997.
Red shiner was the most abundant species in all years and fathead minnow or speckled
dace were second-most abundant in all years.  Neither flannelmouth sucker nor bluehead
sucker was common during autumn in Reach 4 secondary channels and bluehead sucker
was absent in 1996.  Colorado pikeminnow and roundtail chub were found in Reach 4
secondary channels in 1997, but not in preceding years.  Elevated summer flows were
negatively correlated with summer abundance of  nonnative red shiner, fathead minnow,
channel catfish (significantly) and western mosquitofish; fathead minnow abundance was
significantly, and positively, related to days summer discharge < 500 cfs.  Autumn
abundance of native flannelmouth sucker, bluehead sucker, and speckled dace were
negatively, but not significantly, related to days summer discharge < 500 cfs.  Total
abundance of fishes in Reach 3 peaked in 1995 and was least in 1997.  Shann0n-Wiener
Diversity declined from 1993 through 1996, but increased in 1997.  Red shiner was
always the most abundant species in Reach 3 and fathead minnow or speckled dace were
always second- or third-most common, except in 1993 when channel catfish was third-
most common.  Flannelmouth sucker was uncommon in all years and bluehead sucker
was absent in 1993.  Colorado pikeminnow and roundtail chub were found in 1997.  No
attribute of summer discharge was significantly related to autumn abundance of any
commonly collected species.  Speckled dace abundance was negatively related to days
discharge < 500 cfs.

In most years (1993 through 1997), summer abundance of fishes was usually
greater in summer than autumn; in Reaches 5 and 4 differences were substantial.
Between summer and autumn (years combined) abundance differences were typically
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significant.  For red shiner, seasonal abundance differences were not significant, but
differences among years were.  Seasonal, reach, and annual comparisons did not yield
significant differences for fathead minnow.  Seasonal and annual (reaches combined)
differences in speckled dace abundance were significant as was that among years
(seasons combined).  Flannelmouth sucker abundance relationships were similar to those
for speckled dace.  Only annual comparisons (reaches combined) of bluehead sucker
abundance yielded significant differences.  Abundance of western mosquitofish was
significantly different among years (reaches or seasons combined).  Abundance of red
shiner, fathead minnow, flannelmouth sucker, and speckled dace generally declined (both
summer and autumn) from 1993 through 1997.  Abundance of bluehead sucker and
western mosquitofish were variable with no evident pattern.

Total species abundance was not a good predictor of total autumn abundance.
However, summer abundance of fathead minnow, speckled dace, flannelmouth sucker,
bluehead sucker, and western mosquitofish was a good predictor of their autumn
abundance.  Autumn abundance of red shiner and channel catfish was not related to their
summer abundance.

An array of biotic and abiotic factors influenced the seasonal abundance of fishes
in secondary channels of the San Juan River.  Elevated flows during spring runoff made
most secondary channels accessible to all fish residents of the river, particularly large-
bodied individuals.  Large-bodied fishes may enter secondary channels to forage, spawn,
and avoid higher velocity water of the primary channel.  Habitat preferences and life
history strategies likely influenced the longitudinal abundance distribution of large-
bodied fishes in secondary channels.  The rarity of Colorado pikeminnow and razorback
sucker in secondary channels during spring was likely more a consequence of their
overall rarity rather than avoidance of secondary channels.  During summer and autumn,
fish assemblages of secondary channels are numerically dominated by small-bodied
fishes and young of large-bodied fishes.  Among these species, nonnative fishes were
typically the most abundant.  There was generally a positive relationship between
summer abundance of several common species, including red shiner, and elevated spring
discharge.  Although a natural flow regime was mimicked, spring flows during the study
were never as high as occurred in some years prior to completion of Navajo Dam.  Thus,
elevated spring flows evidently were not sufficient to displace some nonnative species, as
documented in several other southwestern systems having a natural hydrograph.
Elevated flows during summer, however, generally had negative effects on autumn
abundance of nonnative fishes and positive or no effect on native fishes.  Abundance of
all commonly collected species was less in 1997 than in 1993.  The low spring runoff and
low summer and autumn flows of 1996 depressed the abundance of all species, native
and nonnative.  Abundance of most increased slightly in 1997 with higher spring runoff
and higher summer and autumn flows, but not to levels found prior to 1996.  Although
the abundance of most species changed with mimicry of a natural hydrograph, it is likely
changes will continue as flows continue to mediate species relationships and interactions
and habitats change in response to a mimicked natural hydrograph.
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INTRODUCTION

For large portions of its course through northwestern New Mexico and across
southeastern Utah, the San Juan River is restricted to a single channel.  The reach
between Shiprock, New Mexico and Chinle Creek, Utah is, however, characterized by
considerable braiding with much of the water in a primary channel and lesser amounts in
secondary channels.  Some secondary channels carry water throughout the year,
regardless of discharge, but others are wetted mainly during spring runoff and following
summer storms. Secondary channels vary considerably in volume of water that passes
through each, their length, and structural complexity.  As a result of constantly changing
physical attributes (particularly degree of inundation), the fish assemblages of secondary
channels may be expected to vary.

No historical ichthyofaunal inventories were made of the San Juan River in the
reach having extensive braiding (Shiprock to Chinle Creek), but the fish fauna consisted
of at least six warmwater species (Tyus et al., 1982; Platania, 1990).  Two other native
San Juan River fishes (Colorado River cutthroat trout, Oncorhynchus clarki pleuriticus,
and mottled sculpin, Cottus bairdi) may have seasonally occurred in braided portions of
the river.  Native fishes in the braided reach were three cyprinids (roundtail chub, Gila
robusta; Colorado pikeminnow, Ptychocheilus lucius; and speckled dace, Rhinichthys
osculus) and three catostomids (flannelmouth sucker, Catostomus latipinnis; bluehead
sucker, Catostomus discobolus; and razorback sucker, Xyrauchen texanus). Each of these
species presumably used habitats provided by secondary channels.

 Since settlement by Europeans of the San Juan basin, at least 19 nonnative fish
species have been collected in the San Juan River (Platania, 1990), and six (common
carp, Cyprinus carpio; red shiner, Cyprinella lutrensis; fathead minnow, Pimephales
promelas; channel catfish, Ictalurus punctatus; plains killifish, Fundulus zebrinus, and
western mosquitofish, Gambusia  affinis) are seasonally common to abundant in the in
the San Juan River downstream of its confluence with the Animas River.  Each of the
latter nonnative species is seasonally common in secondary channels and each may
negatively interact with native fishes.  Interactions may be via predation (channel catfish,
red shiner, and western mosquitofish;), competition for habitat (fathead minnow and
plains killifish), or disturbance (common carp) (Gido and Propst, 1999; Brandenburg and
Gido, 1999; Brooks et al., 2000).

A key premise of the San Juan River Seven Year Research Program was that
mimicry of the natural hydrograph, including elevated spring flows, was essential to
recovery of federally protected Colorado pikeminnow and razorback sucker and
conservation of other native fish species in the San Juan River.  This premise was based,
in part, on the hypothesis that a dynamic natural hydrograph with elevated spring flows
maintains essential habitats (e.g., spawning bars) for native fishes.   The premise was also
based in the hypothesis that a natural hydrograph diminishes or suppresses the abundance
of nonnative fish species.
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This study was undertaken to characterize the fish fauna of San Juan River
secondary channels, to discern seasonal-use patterns of secondary channels by common
fishes, to evaluate the effects of different flow regimes on common fish species, and to
characterize use of secondary channel habitats by rare fishes.  Among the objectives of
the San Juan Recovery Implementation Program Long Range Plan, this study provides
information to achieve:

5.2.5. Determine and monitor habitat use of endangered and other native fishes.
5.3.1. Identify and characterize the historic and current fish species community

structure.
5.3.2. Determine the status and trends of the resident fish species.
5.3.3. Determine the life history of endangered and other native fish species and

relationships to all other resident fish species.
5.3.4. Characterize fish species community responses to different annual flow

regimes.
5.3.5. Identify limiting factors for the endangered and other native fishes.
5.4.1. Characterize distribution and abundance of nonnative fish species.
5.4.2. Identify and characterize habitats used by nonnative fish species and

effects on native fish species habitat use.
5.4.3. Characterize the response of nonnative fish species to varying flow

regimes and recommend flows that minimize or eliminate interactions
with native fish species.

5.7.2. Develop and maintain a standardized database for storage and retrieval of
biotic and abiotic data.

5.7.3. Review and revise research activities to further define needs of and threats
to endangered and other native fish species.

5.7.4. Evaluate and refine recovery actions, as necessary, to accomplish recovery
Goals.

STUDY AREA

The San Juan River is a major tributary of the Colorado River and drains 99,200
km2 in Colorado, Utah, Arizona, and New Mexico.  From its origins in the San Juan
Mountains of southwestern Colorado at elevations exceeding 4,250 m, the river flows
westward for about 570 km to the Colorado River.  The major perennial tributaries to the
San Juan River are Navajo, Piedra, Los Pinos, Animas, LaPlata, and Mancos rivers and
McElmo Creek.  In addition, there are numerous ephemeral arroyos and washes
contributing little total flow but large sediment loads.

Navajo Reservoir, completed in 1963, impounds the San Juan River, isolating the
upper 124 km of river and partially regulates downstream flows.  The completion of Glen
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Canyon Dam and subsequent filling of Lake Powell in the early 1980s inundated the
lower 87 km of river, leaving about 359 km of river between the two reservoirs.

From Navajo Dam to Lake Powell, the mean gradient of the San Juan River is
1.67 m/km.  Locally, the gradient can be as high as 3.5 m/km, but taken in 30 km
increments, the range is from 1.24 to 2.41 m/km.  Between the confluence of the San
Juan River with Lake Powell and the confluence with Chinle Creek, about 20 km
downstream of Bluff, Utah, the river is canyon-bound and restricted to a single channel.
Upstream of Chinle Creek, the river is multi-channeled to varying degrees with highest
density of secondary channels occurring between Hogback Diversion, about 13 km east
of Shiprock, New Mexico, and Bluff, Utah.  The reach of river between Navajo Dam and
Farmington, New Mexico is relatively stable with predominantly embedded cobble
substrate and few secondary channels.  Below the confluence with Animas River, the
channels is less stable and more subject to floods from the unregulated Animas River.
Between Farmington and Shiprock cobble substrate becomes mixed with sand to an
increasing degree with distance downstream, resulting in decreasing channel stability.
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Figure 24.  Size-structure of the common carp, Cyprinus carpio, population
                  in Geomorphic Reach 4, San Juan River, 1993 - 1997.
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The Reach 4 decline in abundance was greater than in Reach 5 and the 1996 and 1997 Reach 4 increase was
less.  Except for 1995, mean TL was between 410 and 434 mm.

Table 9.  Results of Kolomogorov-Smirnov (Dmax) sequential comparisons of size-structure of
common carp in San Juan River secondary channel collections, spring 1993 – 1997.

YEARS DMAX SIGNIFICANCE

GEOMORPHIC REACH 5 93 – 94 -0.1364 NS
94 – 95 0.1364 NS
95 – 96 -0.1127 NS
96 – 97 -0.0781 NS

GEOMORPHIC REACH 4 93 – 94 -0.1364 NS
94 – 95 -0.0909 NS
95 – 96 0.1527 NS
96 – 97 0.1691 NS

GEOMORPHIC REACH 3 93 – 94 -0.3636 NS
94 – 95 0.2727 NS
95 – 96 0.3564 NS
96 – 97 -0.2418 NS

Although most individuals collected were >400 mm TL, a larger proportion of common carp
specimens were <250 mm, in several years, in Reach 3 than either upstream Reach (Figure 26).  Annual
differences in the size-structure of the common carp population in Reach 3 were not significant (Table 9).
Abundance and absolute numbers of common carp collected varied considerably among years in Reach 3
(Figure 24).  In 1996, abundance exceeded 1.0 fish/minute, but in 1993 it was <0.1 fish/minute.  Mean TL
was about 400 mm and changed little among years.

No among-year or among reach abundance differences were noted for common carp (F = 2.57, p =
0.120; F = 1.39, p = 0.304).  Among-reach differences in mean TL were significant (F = 5.76, p = 0.028).

In each reach, total biomass of common carp varied among years (Figure 27).  In Reaches 5 and 4, it
was least in 1995 and least in Reach 3 in 1993.  Common carp biomass was greatest in 1996 or 1997 in all
reaches.  Mean biomass varied less than total biomass; in average, Reach 4 had the largest common carp and
Reach 3 the smallest.  In Reaches 4 and 3, mean biomass was greater in 1997 than 1993.  Neither total nor
mean biomass of common carp was significantly different among Reaches (F = 0.417, p = 0.668 and F =
3.198, p = 0.077).

Channel catfish—Between 1993 and 1995, most channel catfish collected in Reach 5  were between
400 and 575 mm TL, but in 1996 and 1997 a substantial proportion of the samples were 250 to 375 mm
(Figure 28).  Size-structure differences were not significantly different (Table 10).  From 1993 through
1996, channel catfish abundance in Reach 5 was <0.2 fish/min, but in 1997 abundance was near 0.4 fish/min
(Figure 29).  Mean TL generally declined from 1993 through 1996 and increased, slightly, in 1997.  In
1993, almost all channel catfish captured in Reach 5 were adults (>301 mm TL),
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Figure 25.  Size-structure of the common carp, Cyprinus carpio, population
                  in Geomorphic Reach 3, San Juan River, 1993 - 1997.
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Figure 26.  Total and mean biomass of common carp, Cyprinus carpio, in San
                  Juan River secondary channels during spring inventories, 1993 - 1997.
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Figure 27.  Size-structure of the channel catfish, Ictalurus punctatus,
                  population in Geomorphic Reach 5, San Juan River, 1993 - 1997.
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Figure 28.  Abundance and mean total length of channel catfish, Ictalurus punctatus,
                  in San Juan River secondary channels during spring, 1993 - 1997.
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but by 1997 their abundance declined to about 60% of the collection (Figure 30).  Sub-adult (176 to 300
mm) abundance peaked in 1996.

In Reach 4, size-structure of the channel catfish population varied substantially from year-to-year
(Figure 31).  In addition to capture of more very large individuals (>550 mm TL) in this reach than other
reaches,  several fish <200 mm were captured in most years.

Table 10. Results of Kolomogorov-Smirnov (Dmax) sequential comparisons of size-structure of channel
catfish in San Juan River secondary channel collections, spring 1993 – 1997.

YEARS DMAX SIGNIFICANCE

GEOMORPHIC REACH 5 93 – 94 -0.2095 NS
94 – 95 -0.1245 NS
95 – 96 0.2436 NS
96 – 97 0.2487 NS

GEOMORPHIC REACH 4 93 – 94 0.5929 <0.001
94 – 95 -0.3656 NS
95 – 96 0.3109 NS
96 – 97 0.2417 NS

GEOMORPHIC REACH 3 93 – 94 -0.2036 NS
94 – 95 -0.2174 NS
95 – 96 0.1757 NS
96 – 97 0.1739 NS

In 1994 only one channel catfish was collected.  The size-structure of the 1993 sample was
significantly different from the 1994 collection (Table 10), but the 1994 collection was not different from
that of 1995.  Abundance of channel catfish in Reach 4 varied little, excluding the 1994 collection, from
year-to-year.  Mean TL of channel catfish declined from 1993 through 1996 (again, excepting the 1994
collection), and increased slightly in 1997 (Figure 29).  Adults were the most abundant age-class in all
years, except 1996 when their abundance equaled that of sub-adults (Figure 32).  Juveniles were found in
more years in Reach 4 than 5.

Collections in Reach 3 yielded a higher proportion of small (<200 mm TL) catfish than were found
in either upstream Reach, and abundance of large specimens (>400 mm) was typically less (Figure 33) than
upstream reaches.  In 1997, the 100 to 225 mm size-group represented over 50% of the collection.
Sequential between-year comparisons of size-structure did not indicate significant differences (Table 10).
Abundance of channel catfish in Reaches 5 and 4 remained fairly constant over the years of study, but
steadily increased in Reach 3 (Figure 29).  Abundance was <0.1 fish/min in 1993, but was slightly greater
than 1.0 in 1997.  While not as dramatic as abundance, changes in mean TL of channel catfish in Reach 3
were different from that observed in Reaches 5 and 4.  Mean TL increased from 1993 through 1995 but
declined from 1995 through 1997.  By 1997, mean TL (233 mm) in Reach 3 was substantially less than in
Reaches 5 and 4 (370 and 330 mm).  Adults were the numerically dominant age-class in 1993 through 1995
(Figure 34), but juveniles and sub-adults were over 60% of the collections in 1996 and 1997.
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Figure 29.  Age-structure of the channel catfish, Ictalurus punctatus, 
                    population in Geomorphic Reach 5, San Juan River, 1993 - 1997.
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Figure 30.  Size-structure of the channel catfish, Ictalurus punctatus,
                    population in Geomorphic Reach 4, San Juan River, 1993 - 1997.
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Figure 31.  Age-structure of the channel catfish, Ictalurus punctatus, 
                   population in Geomorphic Reach 4, San Juan River, 1993 - 1997.
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Figure 32.  Size-structure of the channel catfish, Ictalurus punctatus,
                    population in Geomorphic Reach 3, San Juan River, 1993 - 1997.
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Figure 33.  Age-structure of the channel catfish, Ictalurus punctatus,
                   population in Geomorphic Reach 3, San Juan River, 1993 - 1997.
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Channel catfish abundance did not differ significantly among-years or reaches (F = 2.65, p = 0.112 and F =
1.90, p = 0.212).  Among-reach differences in mean TL were significant (F = 26.25, p = 0.0003).

In Reach 5, channel catfish total biomass declined substantially from 1993 through 1996, but
increased in 1997 (Figure 35).  In Reaches 4 and 3, total biomass was fairly similar among most years.
Mean biomass declined considerably from 1993 (1048 g) through 1997 (466 g) in Reach 5, noticeably in
Reach 4 (688 to 378 g) and  Reach 3 (261 to 161 g).  Neither total nor mean biomass of channel catfish was
significantly different among reaches (F = 0.74, p = 0.498 and F = 3.148, p = 0.080).

Within Reach Species Biomass Comparisons.

Significant differences in total biomass of species were found in all reaches.  In Reach 5, total
flannelmouth sucker biomass was greater than other species (F = 14.437, p = 0.0008).  Post hoc tests
indicated it was significantly greater than that of bluehead sucker and channel catfish, but not common carp
(Table 11).  Total biomass of common carp was significantly greater than bluehead sucker.  Significant
differences in total biomass also were found in Reach 4 (F = 35.865, p < 0.0001).  Total biomass of
flannelmouth sucker was significantly greater than other species, but differences among the latter were not
significant.  Differences in total biomass in Reach 3 were significant (F = 10.445, p = 0.0004) and similar to
those found in Reach 5.  Flannelmouth sucker total biomass was significantly greater than bluehead sucker
and channel catfish, but not common carp.  Common carp total biomass was significantly greater than
bluehead sucker, but not channel catfish.

Mean biomass of common carp was greater than that of other species in all reaches.  In Reach 5
differences in mean biomass were significant (F = 8.401, p = 0.001). Mean biomass of common carp was
significantly greater than that of flannelmouth sucker and bluehead sucker, but not channel catfish.  Mean
biomass of channel catfish was significantly greater than bluehead sucker,  but not flannelmouth sucker.
Significant differences in mean biomass were also found in Reach 4 (F = 28.358, p < 0.0001); common carp
was significantly larger than flannelmouth sucker, bluehead sucker, and channel catfish.  Channel catfish
mean biomass was significantly greater than that of bluehead sucker.  Reach 3 mean biomass relationships
(F = 19.887, p < 0.0001) were similar to those of Reach 4 with mean biomass of common carp being greater
than that of bluehead sucker, flannelmouth sucker, and channel catfish.  There were no significant
differences among the latter three species.

Differences in abundance of species were significant for all reaches (Reach 5 F = 19.698, p <
0.0001; Reach 4 F = 40.963, p < 0.0001; and Reach 3 F = 23.019, p < 0.0001).  Flannelmouth sucker was
the most abundant species in all reaches.  Its abundance was significantly greater than that of other species
in all reaches (all p < 0.004).  Abundance of other species was not significantly different.
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Figure 34.  Biomass of channel catfish, Ictalurus punctatus, in San Juan River
                  secondary channels during spring inventories, 1993 - 1997.
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Table 11.  Post hoc comparisons from ANOVA of total biomass (right of diagonal) and mean biomass (left
of diagonal) of commonly collected fishes in San Juan River secondary channels during spring inventories.
NS = not significant, * = p < 0.05, ** =  p < 0.01, and *** = p < 0.001.

REACH 5

SPECIES CATLAT CATDIS CYPCAR ICTPUN

CATLAT ----- *** NS ***
CATDIS NS ----- * NS
CYPCAR * *** ----- NS
ICTPUN NS * NS -----

REACH 4

CATLAT ----- *** *** ***
CATDIS NS ----- NS NS
CYPCAR *** *** ----- NS
ICTPUN NS * *** -----

REACH 3

CATLAT ----- *** NS **
CATDIS NS ----- * NS
CYPCAR *** *** ----- NS
ICTPUN NS NS *** -----

Secondary and Primary Channel Comparisons

Between 1994 and 1997, spring inventories of primary and secondary channels were done
concurrently, using the same sampling techniques (raft-mounted electrofishing).  Data from primary and
secondary channels were grouped by Geomorphic Reach; only primary channel data from designated miles
were used while all data from all sampled secondary channels were used.

Mean biomass of flannelmouth sucker in primary and secondary channels was similar in all years
and all reaches (F = 0.294, p = 0.593; reaches and years combined) (Figure 36).  Flannelmouth sucker mean
biomass (primary and secondary combined) was greater in Reach 5 than 4 and Reach 4 than 3 (F = 26.052, p
< 0.001).  Among year comparisons (primary and secondary combined), however, were not significantly
different (F = 0.869, p = 0.474).

Abundance of flannelmouth sucker was significantly greater in secondary channels than the primary
channel (Figure 37; F = 5.570, p = 0.028; years and reaches combined).  Significant differences were also
found for among year comparisons (F = 5.342, p = 0.007; reaches and channels combined).  Post hoc tests
indicated that the only significant yearly comparison was that between 1994 and 1997 (p = 0.005).
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Figure 35.  Mean biomass (g) of flannelmouth sucker, Catostomus latipinnis, in
                  primary and secondary channels of the San Juan River, 1994 - 1997.
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Figure 36.  Abundance (fish/min) of flannelmouth sucker, Catostomus latipinnis,
                   in San Juan River primary and secondary channels during spring
                   inventories, 1994 - 1997.
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 Among reach differences (years and channels combined) were not significant (F = 1.300, p = 0.294).

Between 1994 and 1997, mean biomass of bluehead sucker increased in the primary but remained
fairly constant in secondary channels in Reach 5.  In Reaches 4 and 3, both primary and secondary channels
mean biomass remained fairly constant (Figure 38).  Between channel (years and reaches combined) and
among years (channels and reaches combined) mean biomass differences were not significant (F = 0.230, p
= 0.636 and F = 0.533, p = 0.665) but reach (channels and years combined) differences were (F = 7.862, p =
0.003).  Post hoc tests revealed that mean biomass in Reach 5 was significantly greater than in Reach 4 (p =
0.003) and 3 (p = 0.003).

In Reach 5, abundance of bluehead sucker was usually greater in the primary than secondary
channels.  Generally, the differences in Reaches 4 and 3 were not great (Figure 39).  Abundance was
significantly greater in Reach 5 than Reach 4 than Reach 3 (F = 10.976, p = 0.0005).  Between channel
(years and reaches combined) and among year  (channels and reaches combined) differences were not
significant (F = 0.599, p = 0.447 and F = 1.428, p = 0.264).

There were no differences between primary and secondary channels in mean biomass of common
carp (F = 3.632, p = 0.070; reaches and years combined), among reaches (F = 3.379, p = 0.053; channels
and years combined), or among years (F = 0.114, p = 0.951; channels and reaches combined) comparisons
(Figure 40).  Of the abundance comparisons, only that among years yielded significant differences (F =
4.403, p = 0.016; channels and reaches combined).  Abundance differences between channels (reaches and
years combined) were apparent (Figure 41), but not significant (F = 3.656, p = 0.069).  Abundance among
reaches was similar (F = 0.817, p = 0.455).

Differences in mean biomass of channel catfish when compared among years and between channels
were not significant (F = 3.013, p = 0.054 and F = 0.030, p = 0.865), but those among reaches were (F =
6.546, p = 0.006) (Figure 42).  Post hoc tests indicated that mean biomass in Reach 5 (years and reaches
combined) was significantly greater than in Reach 3 (p = 0.005).  Abundance of channel catfish was not
different in between channel (F = 1.071, p = 0.312) or among reaches (F = 3.019, p = 0.070) comparisons
(Figure 43).  Among year differences were significant (F = 4.937, p = 0.010); post hoc tests indicated that
abundance (reaches and channels combined) in 1997 was greater than in 1994 and 1995 (p = 0.008 and
0.042).

Rare Fish Occurrence in Secondary Channels

Between 1993 and 1997, five specimens of rare fish were captured during spring inventories in
secondary channels (Table 12).  One Colorado pikeminnow was captured in 1994 in a secondary
downstream of Sand Island, Utah.  Four razorback suckers (all presumably stocked individuals) were
captured in secondary channels between 1995 and 1997.  All captures were between RM 95 and 108.  No
specimen of roundtail chub was captured in secondary channels during spring inventories between 1993 and
1997.
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Table 12.  Rare fishes captured in San Juan River secondary channels during spring inventories, 1993 –
1997.

SPECIES DATE RM TL SL WT SEX TAG NUMBER

Ptychocheilus lucius 16 May 94 76.0 759 630 4000 F 7F7D075651

Xyrauchen texanus 13 May 95 87.0 372 600 F 1F404E666D

Xyrauchen texanus 17 May 96 107.8 420 340 910 M 1F40464E0D

Xyrauchen texanus 17 May 96 101.0 450 361 980 F 1F43670136

Xyrauchen texanus 4 May 97 95.8 434 345 850 M 1F40464E0D
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Figure 37 .  Mean biomass (g) of bluehead sucker, Catostomus discobolus, in
                   primary and secondary channels of the San Juan River, 1994 - 1997. 
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Figure 38.  Abundance (fish/min) of bluehead sucker, Catostomus discobolus, in
                   San Juan River primary and secondary channels during spring
                   inventories, 1994 - 1997.
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Figure 39 .  Mean biomass (g) of common carp, Cyprinus carpio, in
                   primary and secondary channels of the San Juan River,
                  1994 - 1997. 
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Figure 40.  Abundance (fish/min) of common carp, Cyprinus carpis,
                   in San Juan River primary and secondary channels 
                  during spring inventories, 1994 - 1997.
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Figure 41.  Mean biomass (g) of channel catfish, Ictalurus punctatus,
                   primary and secondary channels of the San Juan River, 1994 -
                  1997.
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Figure 42.  Abundance (fish/min) of channel catfish, Ictalurus punctatus, in
                   San Juan River primary and secondary channels during spring 
                   inventories, 1994 - 1997. 
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