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EXECUTI VE SUMVARY

Native fishes

< Col orado pi kem nnow
< W1l d Col orado pi kem nnow continue to be extrenmely rare in
adult nonitoring collections
< Adult Col orado pi kem nnow stocked in 1997 survived extremnely
poorly
< Adult Col orado pi kem nnow st ocked in 2001 survived sonewhat

better, but seemto be concentrated in the area of the river
bet ween PNM Weir and Hogback Diversion
< Age-0 Col orado pi kem nnow stocked in 1996 and 1997 were

fairly conmon in collections until fall 1998, after which

time their nunbers appear to have decreased dramatically

< Survi val anmpbng age-0 Col orado pi kem nnow st ocked at
| arger sizes (45-55 nm TL) in the fall was much better
t han anbng age-0 Col orado pi keni nnow st ocked as | arvae
in the sumer

< The reason for the dramatic drop-off in Col orado
pi kem nnow col l ections after fall 1998 is unknown

< Razor back sucker

< St ocki ng |l arger size-class fish (> 300 mm TL) appears to
i ncrease post-stocking survival
< Rel ati ve to nunbers stocked, recapture events with razorback

sucker are much nmore conmon than for stocked Col orado
pi kem nnow

< Suspect ed spawni ng aggregati ons of adult razorback sucker
were docunented at RM 100.2 in May 1997, April 1999, and
April 2001

< Crews from UNM have documnent ed spawni ng, through the

collection of larval razorback sucker, for four straight
years (1998-2001)

< Roundt ai | chub
< Very rarely collected during adult nonitoring trips
< Do not appear to have a resident popul ation present in the
San Juan River at this tinme
< Fl annel nout h sucker
< Continue to nunerically dom nate adult nonitoring
col l ections
< Al life stages occur throughout the study area (RM 180. 0-
2.9)
< Fl annel nout h sucker popul ati on appears to be relatively
stabl e
< Decline in flannel nouth sucker CPUE in Reaches 5-3

observed in nd- to late-1990's has stopped and
nunbers have increased significantly in those reaches
since that tine

< Fl ow nani pul ati ons from Navaj o Dam since 1992 do not
appear to be causing dramatic long-termshifts in
nunbers of flannel nouth sucker present in study area

< A very large number of age-0 flannel mouth sucker were
collected in 2000, nostly upstream of the PNM Wi r
< Nunbers in Reach 1 (and 2), adjacent to Lake Powel | have

shown statistically significant declines since 1995



< Bl uehead sucker

<

<

<

Popul ation is centered around upstreamreaches of the study

area, specifically Reach 6

Bl uehead sucker have never been collected in Reach 1

adj acent to Lake Powel| during adult nonitoring

Bl uehead sucker popul ation appears to be relatively stable

< Fl ow nani pul ati ons from Navaj o Dam since 1992 do not
appear to be causing dramatic long-termshifts in
nunbers of bluehead sucker present in study area

Li ke flannel mouth sucker, a very |arge nunber of age-0

bl uehead sucker were collected in 2000, nostly upstream of

the PNM Wi r

Nonnati ve fi shes
< Channel catfish

<

<

<

Cccur in large nunbers in the study area from downstream of

the PNM Wir to Lake Powell (RM 166.6-0.0)

Continue to be the nmost commonl y-col |l ected | arge-bodi ed

nonnative fish species in the San Juan River

Channel catfish popul ati on appears to be relatively stable

< Fl ow nani pul ati ons from Navaj o Dam since 1992 do not
appear to be having dramatic, long-term negative
i npacts on nunbers of channel catfish present in study
area

Mechani cal renoval efforts appear to have had the foll ow ng

effects:

< Reduced nunber of |arge channel catfish (> 525 nm TL)
riverwide in adult nonitoring collections since 1996

< Lengt h-frequency distributions have skewed towards
snmal ler fish riverw de since 1996

< An increase in CPUE for smaller size-class channe
catfish

< Channel catfish from Reach 5 appear to be noving
upstream and qui ckly recol oni zing | ower Reach 6,
essentially filling the void being created by
nechani cal renoval efforts

Al t hough | arge nunbers of age-0 channel catfish were not

col l ected during 2000 adult mnonitoring collections, very

| arge nunmbers of age-1 channel catfish were collected during

2001 adult monitoring collections

< It appears that |ike flannel mouth sucker, bl uehead
sucker, and conmon carp, channel catfish also had a
very successful spawn in 2000

< Apparently age-0 channel catfish spawned in sunmer
2000 were too snall to show up in fall 2000 adult
nonitoring collections

< Comon carp

<

Are ubi quitous, occurring throughout the entire study area

fromthe Animmas River confluence to Lake Powel | (RM 180. 0-

0.0)

Continue to be the second nost conmonl y-coll ected | arge-

bodi ed nonnative fish species in the San Juan Ri ver

CPUE for comon carp upstreamof the PNM Weir is usually

only about half of that for common carp downstream of the

PNM Weéi r

< Conmon carp tend to be | onger (nmean TL) and heavi er
(mean WI) upstream of the PNM Weir than those
downstream of the PNM Weir



<

<

O her

Conmon carp CPUE in | ower Reach 6 (RM 166. 6-158. 6) has
declined over the | ast several years, indicating that
nmechani cal renoval efforts may be having an effect on this
species in this section of the river

A very large nunmber of age-0 common carp were collected in
2000, nostly upstream of the PNM Wir

Conmon carp from Lake Powel | may be invadi ng and
recol oni zing the San Juan River

nonnative fishes (largenouth bass, striped bass, and

wal | eye)

<
<

<

Usually rare in collections

Have all three been docunented to prey on native fishes in

the San Juan River

Lar genout h bass

< Usual ly very rare in adult nmonitoring collections

< Rel atively | arge nunber of |argenouth bass

collected on the fall 2000 adult monitoring trip
may have been due to | ow stable flows and cl ear-
wat er conditions present in the river throughout
sumer 2000

< Most | argenout h bass collected in the San Juan River
are juveniles

< Most are collected in upstreamreaches of the study
area in close proximty to irrigation returns
< Suggests that off-channel sources may be

continually providing access to the river
through irrigation canals
Striped bass
< I n sunmer 2000, during an extended period of [ow flows
and cl ear water, an extrenely |arge nunber of striped
bass invaded the San Juan River, being collected as
far upstreamas the PNM Wir (RM 166. 6)
< During the sumrer 2000 razorback sucker
nmonitoring trip, researchers noted an al nost
conpl ete absence of “small native suckers”
< Most stripers collected on this trip had fish
remai ns in their stomachs, nost of which were
native fish

< Appear to be unable to tolerate high volunme or turbid
river flows
< Usual Iy nmuch | ess conmon in el ectrofishing

collections after these types of flow events

wal | eye

< Have been very rare in adult nonitoring collections
over the | ast several years

< Li ke Col orado pi kemi nnow are obligate piscivores (at >

age-1), thus bringing theminto potential conpetition

for food resources with Col orado pi kem nnow

< Any Col orado pi kem nnow of appropriate size
(< 350 nm TL) that happen to be using the sane
habitats as walleye in the pursuit of prey are
potentially in danger of being eaten

< Li ke striped bass, walleye appear to be unable to
tolerate high volume or turbid river flows
< Usual | y absent from el ectrofishing collections

after these types of flow events
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One-way ANOVA statistics and matrix of Bonferroni-adjusted
pai rwi se conparisons of adult flannel mouth sucker CPUE data,
in the San Juan River, Reach 6 (RM 180.0-155.0), October 1996
to October 2001 (p < 0.10 = * = statistically significant
relationship). Values in the matrix are the p-values for

bet ween-year conparisons .

One-way ANOVA statistics and matri x of Bonferroni-adjusted

pai rwi se comparisons of total (juvenile + adult) flannel nouth
sucker CPUE data, in the San Juan River, Reach 6 (RM 180. 0-
155.0), October 1996 to October 2001 (p < 0.10 = * =
statistically significant relationship). Values in the matrix
are the p-values for between-year conparisons.

One-way ANOVA statistics and matrix of Bonferroni-adjusted

pai rwi se conparisons of juvenile flannel nouth sucker CPUE dat a,
in the San Juan River, Reach 5 (RM 155.0-131.0), Cctober 1994
to October 2001 (p < 0.10 = * = statistically significant
relationship). Values in the matrix are the p-values for

bet ween-year conparisons .

One-way ANOVA statistics and matrix of Bonferroni-adjusted
pai rwi se conparisons of adult flannel nouth sucker CPUE data,
in the San Juan River, Reach 5 (RM 155.0-131.0), Cctober 1994
to Cctober 2001 (p < 0.10 = * = statistically significant
relationship). Values in the matrix are the p-values for

bet ween-year conparisons .

One-way ANOVA statistics and matrix of Bonferroni-adjusted

pai rwi se conparisons of total (juvenile + adult) flannel nouth
sucker CPUE data, in the San Juan River, Reach 5 (RM 155.0-
131.0), Cctober 1991 to Cctober 2001 (p < 0.10 = * =
statistically significant relationship). Values in the matrix
are the p-values for between-year conparisons.

One-way ANOVA statistics and matri x of Bonferroni-adjusted

pai rwi se comparisons of juvenile flannel mouth sucker CPUE data,
in the San Juan River, Reach 4 (RM 131.0-106.0), Cctober 1994
to Cctober 2001 (p < 0.10 = * = statistically significant
relationship). Values in the matrix are the p-values for

bet ween-year conparisons .

One-way ANOVA statistics and nmatrix of Bonferroni-adjusted
pai rwi se conparisons of adult flannel mouth sucker CPUE dat a,
in the San Juan River, Reach 4 (RM 131.0-106.0), Cctober 1994
to October 2001 (p < 0.10 = * = statistically significant
relationship). Values in the matrix are the p-values for

bet ween-year conparisons .
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One-way ANOVA statistics and matrix of Bonferroni-adjusted

pai rwi se conparisons of total (juvenile + adult) flannel nouth
sucker CPUE data, in the San Juan River, Reach 4 (RM 131.0-
106.0), Cctober 1991 to Cctober 2001 (p < 0.10 = * =
statistically significant relationship). Values in the matrix
are the p-values for between-year conparisons.

One-way ANOVA statistics and matri x of Bonferroni-adjusted

pai rwi se conparisons of juvenile flannel mouth sucker CPUE data,
in the San Juan River, Reach 3 (RM 106.0-68.0), Cctober 1994
to October 2001 (p < 0.10 = * = statistically significant
relationship). Values in the matrix are the p-values for

bet ween-year conparisons . Ce e e e

One-way ANOVA statistics and matrix of Bonferroni-adjusted
pai rwi se conparisons of adult flannel mouth sucker CPUE dat a,
in the San Juan River, Reach 3 (RM 106.0-68.0), October 1994
to October 2001 (p < 0.10 = * = statistically significant
relationship). Values in the matrix are the p-values for
bet ween-year conparisons .

One-way ANOVA statistics and matrix of Bonferroni-adjusted

pai rwi se conparisons of total (juvenile + adult) flannel nouth
sucker CPUE data, in the San Juan River, Reach 3 (RM 106. 0-
68.0), Cctober 1991 to October 2001 (p < 0.10 = * =
statistically significant relationship). Values in the matrix
are the p-values for between-year conparisons.

One-way ANOVA statistics and matrix of Bonferroni-adjusted

pai rwi se conparisons of juvenile flannel nouth sucker CPUE dat a,
in the San Juan River, Reach 2 (RM 68.0-17.0), October 1995

to October 2001 (p < 0.10 = * = statistically significant
relationship). Values in the matrix are the p-values for

bet ween- year conparisons .

One-way ANOVA statistics and matri x of Bonferroni-adjusted
pai rwi se comparisons of adult flannel mouth sucker CPUE dat a,
in the San Juan River, Reach 2 (RM 68.0-17.0), October 1995
to Cctober 2001 (p < 0.10 = * = statistically significant
relationship). Values in the matrix are the p-values for
bet ween-year conparisons . Ce e e e

One-way ANOVA statistics and nmatrix of Bonferroni-adjusted

pai rwi se conparisons of total (juvenile + adult) flannel nouth
sucker CPUE data, in the San Juan River, Reach 2 (RM 68. 0-
17.0), Cctober 1993 and COctober 1995-2001 (p < 0.10 = * =
statistically significant relationship). Values in the matrix
are the p-values for between-year conparisons.
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One-way ANOVA statistics and matrix of Bonferroni-adjusted
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One-way ANOVA statistics and matrix of Bonferroni-adjusted
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significant relationship). Values in the matrix are the

p-val ues for between-year conparisons.
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One-way ANOVA statistics and matrix of Bonferroni-adjusted

pai rwi se conparisons of total (juvenile + adult) bluehead
sucker CPUE data, in the San Juan River, Reach 2 (RM 68. 0-
17.0), Cctober 1993 and Cctober 1995-2001 (p < 0.10 = * =
statistically significant relationship). Values in the matrix
are the p-values for between-year conparisons.
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significant relationship). Values in the matrix are the
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pai rwi se conparisons of bluehead sucker nean total |ength data
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statistically significant relationship). Values in the matrix
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statistically significant relationship). Values in the matrix
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One-way ANOVA statistics and matrix of Bonferroni-adjusted
pai rwi se conparisons of bluehead sucker nean bi onass data (al
life stages conbined), in the San Juan River, RM 180.0-0.0,
Cctober 1996 to Cctober 2001 (p < 0.10 = * = statistically
significant relationship). Values in the matrix are the
p-val ues for between-year conparisons .

One-way ANOVA statistics and matri x of Bonferroni-adjusted

pai rwi se compari sons of bluehead sucker mean bi omass data (al
life stages conbined), in the San Juan River, Reach 6 (RM

180. 0-155.0), Cctober 1996 to COctober 2001 (p < 0.10 = * =
statistically significant relationship). Values in the matrix
are the p-values for between-year conparisons

One-way ANOVA statistics and matrix of Bonferroni-adjusted

pai rwi se conparisons of bluehead sucker nean bi omass data (al
life stages conbined), in the San Juan River, Reach 5 (RM
155.0-131.0), Cctober 1991 to Cctober 2001 (p < 0.10 = * =
statistically significant relationship). Values in the matrix
are the p-values for between-year conparisons

One-way ANOVA statistics and matrix of Bonferroni-adjusted

pai rwi se conpari sons of bluehead sucker nean bi onass data (al
life stages conmbined), in the San Juan River, Reach 4 (RM

131. 0-106.0), Cctober 1991 to Cctober 2001 (p < 0.10 = * =
statistically significant relationship). Values in the matrix
are the p-values for between-year conparisons .

One-way ANOVA statistics and matrix of Bonferroni-adjusted

pai rwi se conpari sons of bluehead sucker nean bi onass data (al
life stages conbined), in the San Juan River, Reach 3 (RM

106. 0-68.0), Cctober 1991 to October 2001 (p < 0.10 = * =
statistically significant relationship). Values in the matrix
are the p-values for between-year conparisons .

One-way ANOVA statistics and matri x of Bonferroni-adjusted

pai rwi se compari sons of bluehead sucker mean bi omass data (al
life stages conbined), in the San Juan River, Reach 2 (RM
68.0-17.0), October 1993 and Cctober 1995-2001 (p < 0.10 = * =
statistically significant relationship). Values in the matrix
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One-way ANOVA statistics and nmatrix of Bonferroni-adjusted

pai rwi se conparisons of bluehead sucker nean condition factor
data (all life stages conmbined), in the San Juan River, RM
180.0-0.0, COctober 1996 to Cctober 2001 (p < 0.10 = * =
statistically significant relationship). Values in the matrix
are the p-values for between-year conparisons
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One-way ANOVA statistics and matrix of Bonferroni-adjusted

pai rwi se conparisons of total (juvenile + adult) channel catfish
CPUE data, in the San Juan River, RM 180.0-0.0, October 1996 to
Cctober 2001 (p < 0.10 = * = statistically significant
relationship). Values in the matrix are the p-values for

bet ween-year conparisons .

One-way ANOVA statistics and matri x of Bonferroni-adjusted
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One-way ANOVA statistics and matrix of Bonferroni-adjusted

pai rwi se conparisons of juvenile channel catfish CPUE data, in
the San Juan River, Reach 4 (RM 131.0-106.0), October 1994 to
Cctober 2001 (p < 0.10 = * = statistically significant
relationship). Values in the matrix are the p-values for

bet ween-year conparisons .

One-way ANOVA statistics and matri x of Bonferroni-adjusted

pai rwi se comparisons of adult channel catfish CPUE data, in the
San Juan River, Reach 4 (RM 131.0-106.0), Cctober 1994 to
Cctober 2001 (p < 0.10 = * = statistically significant
relationship). Values in the matrix are the p-values for

bet ween-year conparisons . G .

One-way ANOVA statistics and matrix of Bonferroni-adjusted

pai rwi se conparisons of total (juvenile + adult) channe
catfish CPUE data, in the San Juan River, Reach 4 (RM 131. 0-
106.0), October 1991 to October 2001 (p < 0.10 = * =
statistically significant relationship). Values in the matrix
are the p-values for between-year conparisons.

One-way ANOVA statistics and matrix of Bonferroni-adjusted

pai rwi se conparisons of juvenile channel catfish CPUE data, in
the San Juan River, Reach 3 (RM 106.0-68.0), October 1994 to
Cctober 2001 (p < 0.10 = * = statistically significant
relationship). Values in the matrix are the p-values for

bet ween-year conparisons .

One-way ANOVA statistics and matrix of Bonferroni-adjusted

pai rwi se conparisons of adult channel catfish CPUE data, in the
San Juan River, Reach 3 (RM 106.0-68.0), Cctober 1994 to
Cctober 2001 (p < 0.10 = * = statistically significant
relationship). Values in the matrix are the p-values for

bet ween- year conparisons .

One-way ANOVA statistics and matri x of Bonferroni-adjusted

pai rwi se comparisons of total (juvenile + adult) channel catfish
CPUE data, in the San Juan River, Reach 3 (RM 106.0-68.0),

Cct ober 1991 to Cctober 2001 (p < 0.10 = * = statistically
significant relationship). Values in the matrix are the

p-val ues for between-year conparisons.

One-way ANOVA statistics and nmatrix of Bonferroni-adjusted

pai rwi se conparisons of juvenile channel catfish CPUE data, in
the San Juan River, Reach 2 (RM 68.0-17.0), Cctober 1995 to
Oct ober 2001 (p < 0.10 = * = statistically significant
relationship). Values in the matrix are the p-values for

bet ween-year conparisons .
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One-way ANOVA statistics and matrix of Bonferroni-adjusted

pai rwi se conparisons of adult channel catfish CPUE data, in the
San Juan River, Reach 2 (RM 68.0-17.0), Cctober 1995 to

Cctober 2001 (p < 0.10 = * = statistically significant
relationship). Values in the matrix are the p-values for

bet ween-year conparisons .

One-way ANOVA statistics and matri x of Bonferroni-adjusted

pai rwi se comparisons of total (juvenile + adult) channe
catfish CPUE data, in the San Juan River, Reach 2 (RM 68. 0-
17.0), Cctober 1993 and Cctober 1995-2001 (p < 0.10 = * =
statistically significant relationship). Values in the matrix
are the p-values for between-year conparisons.

One-way ANOVA statistics and matrix of Bonferroni-adjusted

pai rwi se conparisons of juvenile channel catfish CPUE data, in
the San Juan River, Reach 1 (RM 17.0-0.0), OCctober 1995 to

Oct ober 2001 (p < 0.10 = * = statistically significant
relationship). Values in the matrix are the p-values for

bet ween-year conparisons .

One-way ANOVA statistics and matrix of Bonferroni-adjusted

pai rwi se conparisons of adult channel catfish CPUE data, in the
San Juan River, Reach 1 (RM 17.0-0.0), Cctober 1995 to

Cctober 2001 (p < 0.10 = * = statistically significant
relationship). Values in the matrix are the p-values for

bet ween-year conparisons .

One-way ANOVA statistics and matrix of Bonferroni-adjusted

pai rwi se conparisons of total (juvenile + adult) channe
catfish CPUE data, in the San Juan River, Reach 1 (RM 17.0-
0.0), Cctober 1993 and Cctober 1995-2001 (p < 0.10 = * =
statistically significant relationship). Values in the matrix
are the p-values for between-year conparisons.

One-way ANOVA statistics and matri x of Bonferroni-adjusted

pai rwi se comparisons of channel catfish nmean total |ength data
(all life stages conbined), in the San Juan River, RM 180.0-0.0,
Cct ober 1996 to Cctober 2001 (p < 0.10 = * = statistically
significant relationship). Values in the matrix are the

p-val ues for between-year conparisons.

One-way ANOVA statistics and nmatrix of Bonferroni-adjusted

pai rwi se conparisons of channel catfish nean total |ength data
(all lI'ife stages combined), in the San Juan River, Reach 6 (RM
180. 0-155.0), Cctober 1996 to COctober 2001 (p < 0.10 = * =
statistically significant relationship). Values in the matrix
are the p-values for between-year conparisons.
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One-way ANOVA statistics and matrix of Bonferroni-adjusted

pai rwi se conparisons of channel catfish nean total |ength data
(all I'ife stages conbined), in the San Juan River, Reach 5 (RM
155. 0-131.0), Cctober 1991 to Cctober 2001 (p < 0.10 = * =
statistically significant relationship). Values in the matrix
are the p-values for between-year conparisons.

One-way ANOVA statistics and matri x of Bonferroni-adjusted

pai rwi se comparisons of channel catfish mean total |ength data
(all I'ife stages conbined), in the San Juan River, Reach 4 (RM
131.0-106.0), Cctober 1991 to COctober 2001 (p < 0.10 = * =
statistically significant relationship). Values in the matrix
are the p-values for between-year conparisons.

One-way ANOVA statistics and matrix of Bonferroni-adjusted

pai rwi se conparisons of channel catfish nean total |ength data
(all lI'ife stages combined), in the San Juan River, Reach 3 (RM
106. 0-68.0), Cctober 1991 to October 2001 (p < 0.10 = * =
statistically significant relationship). Values in the matrix
are the p-values for between-year conparisons.

One-way ANOVA statistics and matrix of Bonferroni-adjusted

pai rwi se conparisons of channel catfish nmean total |ength data
(all life stages conbined), in the San Juan River, Reach 2 (RM
68.0-17.0), Cctober 1993 and Cctober 1995-2001 (p < 0.10 =

* = statistically significant relationship). Values in the
matrix are the p-values for between-year conparisons.

One-way ANOVA statistics and matrix of Bonferroni-adjusted

pai rwi se conparisons of channel catfish nean total |ength data
(all lI'ife stages conbined), in the San Juan River, Reach 1 (RM
17.0-0.0), Cctober 1993 and Cctober 1995-2001 (p < 0.10 =

* = gstatistically significant relationship). Values in the
matrix are the p-values for between-year conparisons.

One-way ANOVA statistics and matri x of Bonferroni-adjusted
pai rwi se conpari sons of channel catfish mean bi omass data (al
life stages conbined), in the San Juan River, RM 180.0-0.0,
Cct ober 1996 to Cctober 2001 (p < 0.10 = * = statistically
significant relationship). Values in the matrix are the
p-val ues for between-year conparisons .

One-way ANOVA statistics and nmatrix of Bonferroni-adjusted

pai rwi se conparisons of channel catfish nean bi omass data (al
life stages conbined), in the San Juan River, Reach 6 (RM

180. 0-155.0), Cctober 1996 to COctober 2001 (p < 0.10 = * =
statistically significant relationship). Values in the matrix
are the p-values for between-year conparisons
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One-way ANOVA statistics and matrix of Bonferroni-adjusted
pai rwi se conpari sons of channel catfish nean bi onass data (al
life stages conmbined), in the San Juan River, Reach 5 (RM
155.0-131.0), Cctober 1991 to Cctober 2001 (p < 0.10 = * =

statistically signif
are the p-values for

icant relationship). Values in the matrix
bet ween-year conparisons .

One-way ANOVA statistics and matrix of Bonferroni-adjusted
pai rwi se conparisons of channel catfish nean bi onass data (al
life stages conbined), in the San Juan River, Reach 4 (RM
131. 0-106.0), Cctober 1991 to Cctober 2001 (p < 0.10 = * =

statistically signif
are the p-values for

icant relationship). Values in the matrix
bet ween-year conparisons .

One-way ANOVA statistics and matri x of Bonferroni-adjusted
pai rwi se compari sons of channel catfish mean bi omass data (al
life stages conbined), in the San Juan River, Reach 3 (RM

106. 0-68.0), October
statistically signif
are the p-values for

1991 to October 2001 (p < 0.10 = * =
icant relationship). Values in the nmatrix
bet ween- year conparisons . G

One-way ANOVA statistics and nmatrix of Bonferroni-adjusted
pai rwi se conparisons of channel catfish nean bi omass data (al
life stages conbined), in the San Juan River, Reach 2 (RM

68.0-17.0), Cctober
statistically signif
are the p-val ues for

1993 and Cct ober 1995-2001 (p < 0.10 = * =
icant relationship). Values in the matrix
bet ween-year conparisons .

One-way ANOVA statistics and matrix of Bonferroni-adjusted
pai rwi se conpari sons of channel catfish nmean bi onmass data (al
life stages conmbined), in the San Juan River, Reach 1 (RM
17.0-0.0), October 1993 and Cctober 1995-2001 (p < 0.10 = * =

statistically signif
are the p-values for

icant relationship). Values in the matrix
bet ween-year conparisons .

One-way ANOVA statistics and matrix of Bonferroni-adjusted
pai rwi se conparisons of channel catfish nmean condition factor
data (all life stages conbined), in the San Juan River, RM
180.0-0.0, Cctober 1996 to Cctober 2001 (p < 0.10 = * =

statistically signif
are the p-values for

icant relationship). Values in the matrix
bet ween-year conparisons .

One-way ANOVA statistics and matri x of Bonferroni-adjusted

pai rwi se comparisons of channel catfish nmean condition factor
data (all life stages conmbined), in the San Juan River, Reach 6
(RM 180. 0-155.0), Cctober 1996 to Cctober 2001 (p < 0.10 = * =

statistically signif
are the p-values for

icant relationship). Values in the matrix
bet ween-year conparisons . G
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Tabl e Page
A76 One-way ANOVA statistics and matrix of Bonferroni-adjusted

pai rwi se conparisons of channel catfish nmean condition factor

data (all life stages conbined), in the San Juan River, Reach 5

(RM 155. 0-131.0), Cctober 1991 to Cctober 2001 (p < 0.10 = * =
statistically significant relationship). Values in the matrix

are the p-values for between-year conparisons . . . . . . . . . A- 46
A77 One-way ANOVA statistics and matri x of Bonferroni-adjusted

pai rwi se comparisons of channel catfish nmean condition factor

data (all life stages conmbined), in the San Juan River, Reach 4

(RM 131.0-106.0), Cctober 1991 to October 2001 (p < 0.10 = * =
statistically significant relationship). Values in the matrix

are the p-values for between-year conparisons . . . . . . . . . A- 46
A78 One-way ANOVA statistics and matrix of Bonferroni-adjusted

pai rwi se conparisons of channel catfish nean condition factor

data (all life stages conbined), in the San Juan River, Reach 3

(RM 106. 0-68.0), Cctober 1991 to Cctober 2001 (p < 0.10 = * =
statistically significant relationship). Values in the matrix

are the p-values for between-year conmparisons . . . . . . . . . A- 47
A79 One-way ANOVA statistics and matrix of Bonferroni-adjusted

pai rwi se conparisons of channel catfish nean condition factor

data (all life stages conbined), in the San Juan River, Reach 2

(RM 68.0-17.0), Cctober 1993 and Cctober 1995-2001 (p < 0.10 =
* = statistically significant relationship). Values in the
matrix are the p-values for between-year conparisons. . . . . . A- 47

A80 One-way ANOVA statistics and matrix of Bonferroni-adjusted
pai rwi se conparisons of channel catfish nmean condition factor
data (all life stages conbined), in the San Juan River, Reach 1
(RM 17.0-0.0), Cctober 1993 and Cctober 1995-2001 (p < 0.10 =
* = gstatistically significant relationship). Values in the
matrix are the p-values for between-year conparisons. . . . . . A- 47

Tabl es For Conmmon Carp

A81la One-way ANOVA statistics and matrix of Bonferroni-adjusted
pai rwi se conparisons of juvenile comon carp CPUE data,
in the San Juan River, RM 180.0-0.0, October 1996 to Cctober
2001 (p < 0.10 = * = statistically significant relationship).
Values in the matrix are the p-values for between-year
conparisons. . . . . . . . . . . . . . . . . . ... ... ... Auas

A81b One-way ANOVA statistics and matrix of Bonferroni-adjusted
pai rwi se conparisons of adult conmon carp CPUE dat a,
in the San Juan River, RM 180.0-0.0, Cctober 1996 to Cctober
2001 (p < 0.10 = * = statistically significant relationship).
Values in the matrix are the p-values for between-year
conparisons. . . . . . . . . . . . . . . . . . . . . . . . . .. Aus8
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A83b
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One-way ANOVA statistics and matrix of Bonferroni-adjusted
pai rwi se conparisons of total (juvenile + adult) common carp

CPUE data, in the San Juan River, RM 180.0-0.0, Cctober 1996 to

Cctober 2001 (p < 0.10 = * = statistically significant
relationship). Values in the matrix are the p-values for
bet ween-year conparisons .

One-way ANOVA statistics and matri x of Bonferroni-adjusted
pai rwi se comparisons of juvenile comon carp CPUE data, in
the San Juan River, Reach 6 (RM 180.0-155.0), October 1996 to
Cctober 2001 (p < 0.10 = * = statistically significant
relationship). Values in the matrix are the p-values for

bet ween-year conparisons . Ce e e e

One-way ANOVA statistics and matrix of Bonferroni-adjusted
pai rwi se conparisons of adult conmmon carp CPUE data, in the
San Juan River, Reach 6 (RM 180.0-155.0), Cctober 1996 to
Oct ober 2001 (p < 0.10 = * = statistically significant
relationship). Values in the matrix are the p-values for
bet ween-year conparisons .

One-way ANOVA statistics and matrix of Bonferroni-adjusted
pai rwi se conparisons of total (juvenile + adult) comon carp
CPUE data, in the San Juan River, Reach 6 (RM 180.0-155.0),
Oct ober 1996 to October 2001 (p < 0.10 = * = statistically
significant relationship). Values in the matrix are the
p-val ues for between-year conparisons.

One-way ANOVA statistics and matrix of Bonferroni-adjusted
pai rwi se conparisons of juvenile comobn carp CPUE data, in
the San Juan River, Reach 5 (RM 155.0-131.0), October 1994 to
Cctober 2001 (p < 0.10 = * = statistically significant
relationship). Values in the matrix are the p-values for

bet ween- year conparisons .

One-way ANOVA statistics and matri x of Bonferroni-adjusted
pai rwi se comparisons of adult common carp CPUE data, in the
San Juan River, Reach 5 (RM 155.0-131.0), Cctober 1994 to
Cctober 2001 (p < 0.10 = * = statistically significant
relationship). Values in the matrix are the p-values for
bet ween-year conparisons . Ce e e e

One-way ANOVA statistics and nmatrix of Bonferroni-adjusted
pai rwi se conparisons of total (juvenile + adult) conmon carp
CPUE data, in the San Juan River, Reach 5 (RM 155.0-131.0),
Cct ober 1991 to Cctober 2001 (p < 0.10 = * = statistically
significant relationship). Values in the matrix are the
p-val ues for between-year conparisons.
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One-way ANOVA statistics and matrix of Bonferroni-adjusted
pai rwi se conparisons of juvenile comon carp CPUE data, in

the San Juan River, Reach 4 (RM 131.0-106.0), October 1994 to

Cctober 2001 (p < 0.10 = * = statistically significant
relationship). Values in the matrix are the p-values for
bet ween-year conparisons .

One-way ANOVA statistics and matri x of Bonferroni-adjusted
pai rwi se comparisons of adult common carp CPUE data, in the
San Juan River, Reach 4 (RM 131.0-106.0), Cctober 1994 to
Cctober 2001 (p < 0.10 = * = statistically significant
relationship). Values in the matrix are the p-values for
bet ween-year conparisons . G .

One-way ANOVA statistics and matrix of Bonferroni-adjusted
pai rwi se conparisons of total (juvenile + adult) conmon carp
CPUE data, in the San Juan River, Reach 4 (RM 131.0-106.0),
Cct ober 1991 to Cctober 2001 (p < 0.10 = * = statistically
significant relationship). Values in the matrix are the
p-val ues for between-year conparisons.

One-way ANOVA statistics and matrix of Bonferroni-adjusted
pai rwi se conparisons of juvenile comobn carp CPUE data, in
the San Juan River, Reach 3 (RM 106.0-68.0), October 1994 to
Cctober 2001 (p < 0.10 = * = statistically significant
relationship). Values in the matrix are the p-values for
bet ween-year conparisons .

One-way ANOVA statistics and matrix of Bonferroni-adjusted
pai rwi se conparisons of adult conmon carp CPUE data, in the
San Juan River, Reach 3 (RM 106.0-68.0), Cctober 1994 to
Cctober 2001 (p < 0.10 = * = statistically significant
relationship). Values in the matrix are the p-values for
bet ween- year conparisons .

One-way ANOVA statistics and matri x of Bonferroni-adjusted
pai rwi se comparisons of total (juvenile + adult) comon carp
CPUE data, in the San Juan River, Reach 3 (RM 106.0-68.0),
Cct ober 1991 to Cctober 2001 (p < 0.10 = * = statistically
significant relationship). Values in the matrix are the
p-val ues for between-year conparisons.

One-way ANOVA statistics and nmatrix of Bonferroni-adjusted
pai rwi se conparisons of juvenile common carp CPUE data, in
the San Juan River, Reach 2 (RM 68.0-17.0), Cctober 1995 to
Oct ober 2001 (p < 0.10 = * = statistically significant
relationship). Values in the matrix are the p-values for
bet ween-year conparisons .
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One-way ANOVA statistics and matrix of Bonferroni-adjusted
pai rwi se conparisons of adult conmon carp CPUE data, in the
San Juan River, Reach 2 (RM 68.0-17.0), Cctober 1995 to
Cctober 2001 (p < 0.10 = * = statistically significant
relationship). Values in the matrix are the p-values for
bet ween-year conparisons .

One-way ANOVA statistics and matri x of Bonferroni-adjusted

pai rwi se comparisons of total (juvenile + adult) comon

carp CPUE data, in the San Juan River, Reach 2 (RM 68.0-17.0),
Cct ober 1993 and COctober 1995-2001 (p < 0.10 = * =
statistically significant relationship). Values in the matrix
are the p-values for between-year conparisons.

One-way ANOVA statistics and matrix of Bonferroni-adjusted
pai rwi se conparisons of juvenile common carp CPUE data, in
the San Juan River, Reach 1 (RM 17.0-0.0), OCctober 1995 to
Oct ober 2001 (p < 0.10 = * = statistically significant
relationship). Values in the matrix are the p-values for
bet ween-year conparisons .

One-way ANOVA statistics and matrix of Bonferroni-adjusted
pai rwi se conparisons of adult common carp CPUE data, in the
San Juan River, Reach 1 (RM 17.0-0.0), Cctober 1995 to
Cctober 2001 (p < 0.10 = * = statistically significant
relationship). Values in the matrix are the p-values for
bet ween-year conparisons .

One-way ANOVA statistics and matrix of Bonferroni-adjusted

pai rwi se conparisons of total (juvenile + adult) comon

carp CPUE data, in the San Juan River, Reach 1 (RM 17.0-0.0),
Cct ober 1993 and Cctober 1995-2001 (p < 0.10 = * =
statistically significant relationship). Values in the matrix
are the p-values for between-year conparisons.

One-way ANOVA statistics and matri x of Bonferroni-adjusted
pai rwi se comparisons of conmon carp nean total |ength data

(all life stages conbined), in the San Juan River, RM 180.0-0.0,

Cct ober 1996 to Cctober 2001 (p < 0.10 = * = statistically
significant relationship). Values in the matrix are the
p-val ues for between-year conparisons.

One-way ANOVA statistics and nmatrix of Bonferroni-adjusted

pai rwi se conparisons of common carp nean total |length data

(all lI'ife stages combined), in the San Juan River, Reach 6 (RM
180. 0-155.0), Cctober 1996 to COctober 2001 (p < 0.10 = * =
statistically significant relationship). Values in the matrix
are the p-values for between-year conparisons.
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One-way ANOVA statistics and matrix of Bonferroni-adjusted

pai rwi se conparisons of common carp nean total |ength data

(all I'ife stages conbined), in the San Juan River, Reach 5 (RM
155. 0-131.0), Cctober 1991 to Cctober 2001 (p < 0.10 = * =
statistically significant relationship). Values in the matrix
are the p-values for between-year conparisons.

One-way ANOVA statistics and matri x of Bonferroni-adjusted

pai rwi se compari sons of conmon carp nean total |[ength data

(all I'ife stages conbined), in the San Juan River, Reach 4 (RM
131.0-106.0), Cctober 1991 to COctober 2001 (p < 0.10 = * =
statistically significant relationship). Values in the matrix
are the p-values for between-year conparisons.

One-way ANOVA statistics and matrix of Bonferroni-adjusted

pai rwi se conparisons of common carp nean total |ength data

(all lI'ife stages combined), in the San Juan River, Reach 3 (RM
106. 0-68.0), Cctober 1991 to October 2001 (p < 0.10 = * =
statistically significant relationship). Values in the matrix
are the p-values for between-year conparisons.

One-way ANOVA statistics and matrix of Bonferroni-adjusted

pai rwi se conparisons of conmon carp nean total |ength data

(all life stages conbined), in the San Juan River, Reach 2 (RM
68.0-17.0), Cctober 1993 and Cctober 1995-2001 (p < 0.10 =

* = statistically significant relationship). Values in the
matrix are the p-values for between-year conparisons.

One-way ANOVA statistics and matrix of Bonferroni-adjusted

pai rwi se conparisons of comopn carp nean total |ength data

(all lI'ife stages conbined), in the San Juan River, Reach 1 (RM
17.0-0.0), Cctober 1993 and Cctober 1995-2001 (p < 0.10 =

* = gstatistically significant relationship). Values in the
matrix are the p-values for between-year conparisons.

One-way ANOVA statistics and matri x of Bonferroni-adjusted
pai rwi se compari sons of conmon carp nean bi onass data (al
life stages conbined), in the San Juan River, RM 180.0-0.0,
Cct ober 1996 to Cctober 2001 (p < 0.10 = * = statistically
significant relationship). Values in the matrix are the
p-val ues for between-year conparisons .

One-way ANOVA statistics and nmatrix of Bonferroni-adjusted

pai rwi se conparisons of comron carp nean bionass data (al

life stages conbined), in the San Juan River, Reach 6 (RM

180. 0-155.0), Cctober 1996 to COctober 2001 (p < 0.10 = * =
statistically significant relationship). Values in the matrix
are the p-values for between-year conparisons
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One-way ANOVA statistics and matrix of Bonferroni-adjusted

pai rwi se conparisons of conmon carp nean bi onass data (al

life stages conmbined), in the San Juan River, Reach 5 (RM
155.0-131.0), Cctober 1991 to Cctober 2001 (p < 0.10 = * =
statistically significant relationship). Values in the matrix
are the p-values for between-year conparisons .

One-way ANOVA statistics and matrix of Bonferroni-adjusted

pai rwi se conparisons of conmon carp nean bi onass data (al

life stages conbined), in the San Juan River, Reach 4 (RM

131. 0-106.0), Cctober 1991 to Cctober 2001 (p < 0.10 = * =
statistically significant relationship). Values in the matrix
are the p-values for between-year conparisons .

One-way ANOVA statistics and matri x of Bonferroni-adjusted

pai rwi se compari sons of conmon carp nean bi onass data (al

life stages conbined), in the San Juan River, Reach 3 (RM

106. 0-68.0), Cctober 1991 to October 2001 (p < 0.10 = * =
statistically significant relationship). Values in the matrix
are the p-values for between-year conparisons . e

One-way ANOVA statistics and nmatrix of Bonferroni-adjusted
pai rwi se conparisons of comron carp nean bionass data (al
life stages conbined), in the San Juan River, Reach 2 (RM
68.0-17.0), October 1993 and Cctober 1995-2001 (p < 0.10 = *
statistically significant relationship). Values in the matri
are the p-values for between-year conparisons

x

One-way ANOVA statistics and matrix of Bonferroni-adjusted

pai rwi se conpari sons of conmon carp nean bi onass data (al

life stages conmbined), in the San Juan River, Reach 1 (RM
17.0-0.0), October 1993 and Cctober 1995-2001 (p < 0.10 = * =
statistically significant relationship). Values in the matrix
are the p-values for between-year conparisons .

One-way ANOVA statistics and matrix of Bonferroni-adjusted

pai rwi se conpari sons of conmon carp nean condition factor

data (all life stages conbined), in the San Juan River, RM
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One-way ANOVA statistics and matri x of Bonferroni-adjusted

pai rwi se compari sons of conmon carp nean condition factor

data (all life stages conmbined), in the San Juan River, Reach 6
(RM 180. 0-155.0), Cctober 1996 to Cctober 2001 (p < 0.10 = * =

statistically significant relationship). Values in the matrix
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The bars represent the percent of the total catch accounted for
by native fishes (white bars) versus nonnative fishes (shaded
bars), riverwide (RM 180.0-0.0), on adult nmonitoring trips, 1996-
2001. The line represents the ratios of native to nonnative
fishes (x:1) collected on those sanme trips .

Moverents of 17 radi o-tagged adult Col orado pi kemi nnow in 1997
and 1998. All of these fish were stocked on 23 Septenber 1997 at
RM 180.2. These fish were age-16 when stocked. The circle

i ndicates a fish that was known to be alive at the tine of |ast
cont act .

Movenent s of eight radio-tagged adult Col orado pi kem nnow 2001-
2003. Al of these fish were stocked on 11 April 2001 at RM
180.2. These fish were age-10 when stocked. The circle
indicates a fish that was known to be alive at the tinme of |ast
cont act .

Movenents of a wild, adult femal e Col orado pi kenm nnow bet ween
1993 and 1999.

Col orado pi kem nnow catch per unit effort (CPUE) on fall adult
nonitoring trips and spring razorback sucker nmonitoring trips,
1996-2001. This graph includes all Col orado pi kem nnow col | ect ed
by USFW5- CRFP during these trips, including both captures of wld
fish and recaptures of stocked fish (juveniles and adults)

Razor back sucker catch per unit effort (CPUE) on fall adult
monitoring trips and spring razorback sucker nonitoring trips,
1995-2001. . . . . . ..

Suspect ed spawni ng aggregati ons of razorback sucker at RM 100. 2
in the San Juan River in the spring of 1997, 1999, and 2001

Spatial distribution of all roundtail chub collections from al
studies in the San Juan River, 1987-2001 (top). Relation of al
roundtail chub collections fromall studies to major tributaries
of the San Juan River, 1987-2001 (bottom). Tributaries that
have asterisks by their names are those known to have resident
popul ati ons of roundtail chub (MIIler and Rees 2000)

Fl annel nout h sucker catch per unit effort (CPUE) riverw de (RM
180.0-0.0) on fall adult monitoring trips, 1996-2001 for
juvenile fish (< 410 mm TL; top), adult fish (> 410 nm TL

m ddle), and for all life stages conmbined (juveniles + adults;
botton). FError bars represent the standard error val ues .

Fl annel nout h sucker catch per unit effort (CPUE) in Reach 6 and
Reach 5 on fall adult rmonitoring trips for juvenile fish (< 410
mm TL; top), adult fish (> 410 nm TL; middle), and for all life
stages conbined (juveniles + adults; bottomj. Error bars
represent the standard error val ues. .
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Fl annel mout h sucker catch per unit effort (CPUE) in Reach 4 and
Reach 3 on fall adult nonitoring trips for juvenile fish (< 410
mm TL; top), adult fish (> 410 nm TL; mddle), and for all life
stages combi ned (juveniles + adults; bottom. FError bars
represent the standard error val ues. Coe e

Fl annel nout h sucker catch per unit effort (CPUE) in Reach 2 and
Reach 1 on fall adult nmonitoring trips for juvenile fish (< 410
mm TL; top), adult fish (> 410 nm TL; middle), and for all life
stages conbined (juveniles + adults; bottomj. Error bars
represent the standard error val ues. .

Lengt h-frequency hi stogranms showi ng the riverw de (RM 180. 0-0.0)
size-class distribution of flannel mouth sucker on fall adult
nonitoring trips in the San Juan River, 1996-2001

Mean total length (in mj of flannel nouth sucker riverw de (RM
180.0-0.0) on fall adult monitoring trips in the San Juan R ver,
1996-2001. Error bars represent the standard error val ues .

Mean total length (in M) of flannel nouth sucker in Reaches 6-1
on fall adult nonitoring trips in the San Juan River. Error
bars represent the standard error val ues .

Mean bi omass (line = weight in grans) and bi omass per hour of
el ectrofishing (bars = weight in kg) for flannel mouth sucker

riverwide (RM 180.0-0.0) on fall adult nonitoring trips, 1996-
2001. Error bars represent the standard error val ues. .

Mean bi omass (lines = weight in grans) and biomass per hour of
el ectrofishing (bars = weight in kg) for flannel mouth sucker
in Reaches 6-1 on fall adult nmonitoring trips in the San Juan
River. FError bars represent the standard error val ues .

Mean condition factor (K) for flannel nouth sucker riverw de (RM
180.0-0.0) on fall adult monitoring trips in the San Juan River,
1996-2001. Error bars represent the standard error val ues .

Mean condition factor (K) for flannel mouth sucker in Reaches
6-1 on fall adult nonitoring trips in the San Juan River.
Error bars represent the standard error val ues . -

Bl uehead sucker catch per unit effort (CPUE) riverw de (RM
180.0-0.0) on fall adult monitoring trips, 1996-2001 for
juvenile fish (< 300 mm TL; top), adult fish (> 300 mm TL;
mddle), and for all life stages conbi ned (juveniles + adults;
botton). Error bars represent the standard error val ues .
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Bl uehead sucker catch per unit effort (CPUE) in Reach 6 and
Reach 5 on fall adult nmonitoring trips for juvenile fish (< 300
nm TL; top), adult fish (> 300 nm TL; mddle), and for all life
stages combi ned (juveniles + adults; bottom. FError bars
represent the standard error val ues. Coe e

Bl uehead sucker catch per unit effort (CPUE) in Reach 4 and
Reach 3 on fall adult rmonitoring trips for juvenile fish (< 300
mm TL; top), adult fish (> 300 nm TL; middle), and for all life
stages conbined (juveniles + adults; bottomj. Error bars
represent the standard error val ues. .

Bl uehead sucker catch per unit effort (CPUE) in Reach 2 and
Reach 1 on fall adult nmonitoring trips for juvenile fish (< 300
mm TL; top), adult fish (> 300 nm TL; mddle), and for all life
stages combi ned (juveniles + adults; bottom. FError bars
represent the standard error val ues. Coe e

Lengt h-frequency hi stogranms showi ng the riverw de (RM 180.0-0.0)
size-class distribution of bluehead sucker on fall adult
monitoring trips in the San Juan River, 1996-2001

Mean total length (in m) of bluehead sucker riverw de (RM
180.0-0.0) on fall adult monitoring trips in the San Juan River,
1996-2001. Error bars represent the standard error val ues .

Mean total length (in m) of bluehead sucker in Reaches 6-1 on
fall adult nmonitoring trips in the San Juan River. Error bars
represent the standard error val ues. Ce e e e

Mean bi omass (line = weight in grans) and bi omass per hour of
el ectrofishing (bars = weight in kg) for bluehead sucker

riverwide (RM 180.0-0.0) on fall adult nonitoring trips, 1996-
2001. Error bars represent the standard error val ues. .

Mean bi omass (lines = weight in grams) and bi omass per hour of
el ectrofishing (bars = weight in kg) for bluehead sucker in
Reaches 6-1 on fall adult nmonitoring trips in the San Juan
River. FError bars represent the standard error val ues .

Mean condition factor (K) for bluehead sucker riverw de (RM
180.0-0.0) on fall adult monitoring trips in the San Juan R ver,
1996-2001. Error bars represent the standard error val ues .

Mean condition factor (K) for bluehead sucker in Reaches 6-1 on

fall adult nonitoring trips in the San Juan River. FError bars
represent the standard error val ues.
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Channel catfish catch per unit effort (CPUE) riverw de (RM
180.0-0.0) on fall adult monitoring trips, 1996-2001 for
juvenile fish (< 300 mm TL; top), adult fish (> 300 nm TL

m ddle), and for all life stages conmbined (juveniles + adults;
botton). Error bars represent the standard error val ues .

Channel catfish catch per unit effort (CPUE) in Reach 6 and
Reach 5 on fall adult monitoring trips for juvenile fish (< 300
mm TL; top), adult fish (> 300 nm TL; middle), and for all life
stages conbined (juveniles + adults; bottomj. Error bars
represent the standard error val ues. .

Channel catfish catch per unit effort (CPUE) in Reach 4 and
Reach 3 on fall adult nmonitoring trips for juvenile fish (< 300
mm TL; top), adult fish (> 300 nm TL; mddle), and for all life
stages combi ned (juveniles + adults; bottom. FError bars
represent the standard error val ues. Coe e

Channel catfish catch per unit effort (CPUE) in Reach 2 and
Reach 1 on fall adult rnmonitoring trips for juvenile fish (< 300
mm TL; top), adult fish (> 300 nm TL; middle), and for all life
stages conbined (juveniles + adults; bottomj. Error bars
represent the standard error val ues. .

Lengt h-frequency hi stogranms showi ng the riverw de (RM 180.0-0.0)
size-class distribution of channel catfish on fall adult
nonitoring trips in the San Juan River, 1996-2001

Mean total length (in M) of channel catfish riverw de (RM
180.0-0.0) on fall adult monitoring trips in the San Juan R ver,
1996-2001. Error bars represent the standard error val ues .

Mean total length (in M) of channel catfish in Reaches 6-1 on
fall adult nonitoring trips in the San Juan River. FError bars
represent the standard error val ues.

Mean bi omass (line = weight in grans) and bi omass per hour of
el ectrofishing (bars = weight in kg) for channel catfish

riverwide (RM 180.0-0.0) on fall adult nonitoring trips, 1996-
2001. Error bars represent the standard error val ues. .

Mean bi omass (lines = weight in grans) and biomass per hour of
el ectrofishing (bars = weight in kg) for channel catfish in
Reaches 6-1 on fall adult nonitoring trips in the San Juan
River. FError bars represent the standard error val ues .

Mean condition factor (K) for channel catfish riverw de (RM

180.0-0.0) on fall adult monitoring trips in the San Juan River,
1996-2001. Error bars represent the standard error val ues .
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Mean condition factor (K) for channel catfish in Reaches 6-1 on
fall adult nonitoring trips in the San Juan River. FError bars
represent the standard error val ues.

Conmon carp catch per unit effort (CPUE) riverw de (RM 180. 0-
0.0) on fall adult nonitoring trips, 1996-2001 for juvenile
fish (< 250 mm TL; top), adult fish (> 250 nm TL; m ddle), and
for all |life stages conbined (juveniles + adults; bottom
Error bars represent the standard error val ues . S

Conmon carp catch per unit effort (CPUE) in Reach 6 and Reach 5
on fall adult nmonitoring trips for juvenile fish (< 250 mm TL;
top), adult fish (> 250 nm TL; middle), and for all life stages
conbined (juveniles + adults; bottom). Error bars represent
the standard error val ues. Co Co

Conmon carp catch per unit effort (CPUE) in Reach 4 and Reach 3
on fall adult nmonitoring trips for juvenile fish (< 250 nmm TL;
top), adult fish (> 250 nm TL; middle), and for all life stages
combi ned (juveniles + adults; bottonm). Error bars represent

t he standard error val ues. S

Conmon carp catch per unit effort (CPUE) in Reach 2 and Reach 1
on fall adult nmonitoring trips for juvenile fish (< 250 mm TL;
top), adult fish (> 250 nm TL; middle), and for all life stages
conbined (juveniles + adults; bottom). Error bars represent
the standard error val ues. Co Co

Lengt h-frequency hi stograms showi ng the riverw de (RM 180.0-0.0)
size-class distribution of common carp on fall adult nonitoring
trips in the San Juan River, 1996-2001 .

Mean total length (in mMmj of conmon carp riverw de (RM 180. O-
0.0) on fall adult nonitoring trips in the San Juan River,
1996-2001. Error bars represent the standard error val ues .

Mean total length (in M) of conmon carp in Reaches 6-1 on fal
adult monitoring trips in the San Juan River. FError bars
represent the standard error val ues.

Mean bi omass (line = weight in grans) and bi omass per hour of
el ectrofishing (bars = weight in kg) for conmon carp riverw de
(RM 180.0-0.0) on fall adult nmonitoring trips, 1996-2001

Error bars represent the standard error val ues . Co

Mean bi omass (lines = weight in grans) and biomass per hour of
el ectrofishing (bars = weight in kg) for comobn carp in Reaches
6-1 on fall adult nonitoring trips in the San Juan River.

Error bars represent the standard error val ues .
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| NTRODUCTI ON

Research perforned between 1991 and 1997 led to the initiation of severa
maj or nmanagenent actions by the San Juan River Recovery |Inplenmentation Program
(SJRIP) that are intended to have long-term positive inpacts on the native
fish community. These included the devel opment of flow recomendations for
t he reoperati on of Navajo Reservoir, the initiation of a mechanical renoval
program for nonnative fishes, nodification or renoval of several instream
wat er diversion structures, and augnentation efforts for both endangered fish
speci es — Col orado pi kem nnow and razorback sucker. To assess the effects of
t hese managenent actions over the duration of the SIRIP, a long-term
noni toring program (Propst et al. 2000) was initiated. Standardized data
col l ection under long-termnmonitoring plan guidelines began in 1999 and wil |
continue until the termination of the SIRIP.

One conmponent of the long-termonitoring program the “sub-adult and
adult large-bodied fish monitoring,” was the primary responsibility of the
US. Fish and Wldlife Service's (USFW5) Col orado Ri ver Fishery Project (CRFP)
office in Grand Junction, CO  Nunerous other state and federal agencies
suppl i ed manpower, equi pnent, and | ogistical support for these sanpling
efforts.

The objectives of the sub-adult and adult |arge-bodied fish nmonitoring
(referred to hereafter as “adult nonitoring”) are as follows:

1) Monitor the San Juan River’s main channel fish community, specifically
the | arge-bodied fish species, to identify shifts in fish comunity
structure, species abundance and distribution, and | ength/weight
frequenci es that are occurring correspondi ng to nanagenent actions that
are being inplenented by the San Juan River Recovery |nplenentation
Program These i ncl ude:

a) reoperation of Navajo Reservoir

b) nechani cal renoval of nonnative fishes

c) nodification or renmoval of instreamwater diversion structures

d) augnentation efforts for both federally-listed endangered fish
speci es — Col orado pi kem nnow and razorback sucker

2) Moni t or popul ation trends (e.g., distribution and abundance, habitat
use, spawning and staging areas, growth rates, recruitnment) of the rare
San Juan River fish species -- Col orado pi kem nnow, razorback sucker
and roundtail chub.

The study area for adult nonitoring begins at the Aninas R ver confluence
(river mle {RM 180.0) and continues downstreamto Clay H lls boat Ianding

(RM 2.9) just upstream of Lake Powell. This study area enconpasses six of the
ei ght maj or geonorphic reaches identified (by Bliesner and Lamarra 2000) in
the San Juan River between Navajo Reservoir and Lake Powell. The six

geonor phi ¢ reaches in our study area are: Reach 6 (RM 180.0-155.0); Reach 5
(RM 155.0-131.0); Reach 4 (RM 131.0-106.0); Reach 3 (RM 106.0-68.0); Reach 2
(RM 68.0-17.0); and Reach 1 (RM 17.0-0.0). Although the study area ends 2.9
RM short of the end of Reach 1, it is assumed herein that the data collected
fromRM 17.0-2.9 are representative of the entirety of Reach 1.
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Sanpl i ng conducted from 1999-2001 foll owed the protocols for |long-term
nonitoring set forth in Propst et al. (2000). The entire study area was
sanpl ed between m d- Septenber and the end of Cctober. Electrofishing was
performed in a continuous downstreamdirection fromput-in to take-out. One
el ectrofishing raft sanpled each shoreline. Electrofishing crews consisted of
one rower and one netter. Rafts shocked perpendicular to the shoreline at a
fairly constant rate of speed, with an effort being made to net all fishes
stunned by the el ectrofishing equi pnent. Electrofishing was done in one-RM
increnents, with two of every three RM being sanpled. At the end of each
sanpled RM all fish were identified and enunerated by |ife stage and speci es.
At the end of every fourth sanpled RM (known as a designated nile, or “DM for
short), all fish were weighed (+ 5 grans {g}) and neasured (+ 1 nmtota
length {TL} and standard length {SL}). Al nonnative fishes were then renoved
fromthe river. Al common native fishes were returned alive to the river.
Rare native fishes (Col orado pi kem nnow, razorback sucker, and roundtail chub)
wer e wei ghed, neasured, had distinguishing characteristics noted (e.g., sex,
external parasites), and were scanned for PIT tags. |If no PIT tag was found,
one was inplanted before the fish was returned to the river. Sanpling effort
was recorded as elapsed tine (in seconds) fished by each raft in each sanpl ed
RM

The descriptions of the analyses that follow apply only to the four nost
conmon | arge-bodi ed fish species collected during adult nonitoring trips.
These species are flannel nouth sucker (Catostonus |atipinnis), bluehead sucker
(Cat ost omus di scobol us), channel catfish (lctalurus punctatus), and conmon
carp (Cyprinus carpio). These are the only four fish species present in the
San Juan River in |arge enough nunbers to yield sufficient sanple sizes (via
el ectrofishing) fromwhich statistically valid conclusions can be drawn on an
annual basi s.

El ectrofi shing data were pooled for all rafts to obtain total catch
nunbers for each sanpling trip. Nunmbers of fish (juvenile and adult life
stages) collected by all rafts were conbined to obtain total catch for each
species. Numbers of fish collected for each species were then divided by the
nunber of seconds (converted to hours) fished by all rafts conbined to obtain
“riverwi de” (i.e., Reaches 6-1 {RM 180.0-0.0} conbined) catch per unit effort
(CPUE) values for juvenile and adult life stages and for all life stages
conbined (i.e., juvenile + adult; referred to hereafter as “total” CPUE)

CPUE val ues for each of the four nbst comon species collected was then
partitioned by whol e geonorphic reach and conpared to 1991-1998 el ectrofishing
data to evaluate |ong-termtrends.

TL and wei ght (WI) data obtained fromfish measured at DMs were used to
exam ne changes in mean TL, nean biomass (i.e., WI in g), biomass per hour of
el ectrofishing (i.e., nean bionmass X total CPUE), and nean condition factor
({K} =[W (ing) X 105/[TL (in m]%. These anal yses were done for al
life stages of a species in a reach, conbined. As with CPUE data, nean TL,
mean bi omass, biomass per hour of electrofishing, and nean condition factor




(K) data were conmpared to 1991-1998 data to evaluate long-termtrends. TL
data were al so used to develop riverwi de | ength frequency histograms for the
for nobst common species from 1996-2001.

A few notes of explanation about 1991-1998 data sets are warranted here.
Adult monitoring studies performed from 1991-1998 foll owed protocols (detailed
in Ryden 2000a) very simlar to those in Propst et al. (2000). The only two
di fferences between these two sets of sanpling protocols were: 1) from 1991-
1998, el ectrofishing was done every RM (i nstead of two out of every three RM;
and 2) DM s were done every fifth sanpled RM (instead of every fourth sanpl ed
RM). However, from 1991-1998 adult nonitoring studies did not always sanple

the entirety of the study area (Reaches 6-1) contiguously in a given year. It
was only from 1996 on that the entirety of the study area was sanpl ed during
simlar time-frames (i.e., late-sumer through |ate-Cctober) and fl ow

conditions to allow for valid riverw de conparisons of data sets between
years. Data collected prior to 1996 were only included in conparative

anal yses for this report if data were available for a whol e geonorphic reach
Therefore, appropriate conparative data sets were avail able for Reach 6 from
1996- 1998, for Reaches 5-3 from 1991-1998, and for Reaches 2-1 from 1993 and
1995-1998.

Additionally, it was not until 1994 that fish species collected in non-DM
sanmpl es were characterized by life stage (i.e., juvenile or adult). Before
1994, fishes collected in non-DM sanples were enunerated only by the total
nunbers col | ected per species. Therefore, juvenile and adult CPUE conpari sons
can only be nade from 1994 on while CPUE conparisons for all |ife stages
conbined (i.e., total CPUE) can be made for all years in which data are
avail abl e for a given geonorphic reach, since total CPUE is based on data from
ALL fish of a given species, regardl ess of age, collected in an el ectrofishing
sanple. Therefore, in this report, no juvenile or adult CPUE data are
presented for Reaches 5-3 from 1991-1993 or for Reaches 2 or 1 in 1993, but
total CPUE data are presented for these reaches in these years.

Al statistical tests and conparisons were performed using the SYSTAT®
conputer program (version 7.0, ©1997 SPSS Inc.). Data were first analyzed to
see if they were normally distributed. |[|f they were, a one-way anal ysis of
variance (ANOVA) with a post-hoc, Bonferroni-adjusted, pairwi se nmultiple
conparison test (hereafter referred to as an ANOVA/ Bonferroni) was used to
test for significant differences anong species characteristics (CPUE, nean TL,
nean bi onass, nmean K) riverw de and within each of the six geonorphic reaches
bet ween years. |If data were not nornally distributed, they were first
nornmal i zed by doing a rank transfornmati on and then anal yzed usi ng
ANOVA/ Bonferroni. Since values for CPUE, TL, biomass, and K data represented
sampl es of popul ations coll ected under field conditions and not specifically
known values (i.e., not a popul ation paraneter), significance was determ ned
at p < 0.10. This high al pha value was used to hel p avoid naking a Type |
Error (i.e., failing to statistically detect a difference when one exists).

RESULTS

Mean river flows during 2000 and 2001 adult nonitoring trips were
consi derably lower than in all previous years during which riverw de sanpling
was conducted, with flows in 2001 being the | owest over that six-year period
1996- 2001 (Table 1). In fact mean river flows during the 2001 adult
nonitoring trip (611 CFS) were only 28. 1% of those encountered during the 1999
adult monitoring trip (2,177 CFS; Table 1). The low nmean river flows during
2000 and 2001 adult nonitoring trips were a function of both these years
havi ng extrenely | ow overall discharge.
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Table 1. Summary of dates, river mles (RVM sanpled, and nean fl ow during
riverwi de adult/juvenile |arge-bodied fish comrunity nonitoring
(i.e., “adult nmonitoring”) trips in the San Juan River, New
Mexi co, Col orado, and Utah, 1996-2001

Mean Trip Flow At
The Shi prock, New
Mexi co USGS Gage
Begi nni ng Date Endi ng Date River Mles (#09368000) in
O Sanpling O Sanpling Sanpl ed CFS and (cubic
nmet er s/ second)
1,531 CFS
17 June 1996 25 Cct ober 1996 RM 180.0-2.9 (43.3 n¥/ sec)
1,753 CFS
11 August 1997 9 Cctober 1997 RM 180.0-2.9 (49.6 n¥/ sec)
767 CFS
10 August 1998 7 October 1998 RM 180.0-2.9 (21.7 n¥/ sec)
2,177 CFS
20 Septenber 1999 7 Cctober 1999 RM 180.0-2.9 (61.6 m¥/ sec)
657 CFS
18 Sept enber 2000 10 COctober 2000 RM 180.0-2.9 (18.6 n¥/ sec)
611 CFS
25 Sept enber 2001 19 Cctober 2002 RM 180.0-2.9 (17.3 m¥/ sec)

Over the period 1999-2001 a total of 25 different fish species or
associ ated hybrid forms were collected fromthe San Juan River (Tables 2 and
3). Anmong these, were seven native species, two native sucker X native sucker
hybrids, 14 nonnative species, and two native sucker X nonnative sucker
hybrids (Table 2). Riverwide, the total catch was heavily dominated by fish
representing two famlies: catostomds (suckers and sucker hybrids); and
cyprinids (carps and m nnows; Table 2).

In 1999, a total of 20 different fish species or hybrids were collected
wi th flannel nout h sucker being the nost abundant (n = 5,579), followed in
descendi ng order by channel catfish (n = 3,314), bluehead sucker (n = 2,007),
and comon carp (n = 1,203; Table 3). Native fishes accounted for 7,761
speci mens or 63.0% of the total catch in 1999 (n = 236 individua
el ectrofishing collections riverwide). Nonnative fishes accounted for 4,563
speci nens or 37.0%of the total catch in 1999 (n = 236 individua
el ectrofishing collections riverwide). The overall native to nonnative fish
ratio riverwide was 1.70:1 in 1999 (Figure 1). Endangered fishes collected
during 1999 adult nonitoring included ei ght Col orado pi kem nnow, five
razor back sucker.

In 2000, a total of 21 different fish species or hybrids were collected
wi th fl annel nout h sucker being the nost abundant (n = 7,904), followed in
descendi ng order by channel catfish (n = 3,704), bluehead sucker (n = 2,609),
and comon carp (n = 1,498; Table 3). Native fishes accounted for 11, 049
speci mens or 66.7% of the total catch in 2000 (n = 293 individua
el ectrofishing collections riverwide). Nonnative fishes accounted for 5,511
speci mens or 33.3%of the total catch in 2000 (n = 293 individua
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Tabl e 2.

Scientific and conmon nanes,
speci es col |l ected during adult

st at us,

and six-letter
nmonitoring trips in the San Juan

codes for

fish

Ri ver, 1999-2001 (followi ng Robins et al. 1991, Nelson et al
19982, and the California Acadeny of Sciences Catal og of Fishes
website).
SCI ENTI FI C NAME COVIVON NAME STATUS CODE
Cl ass Actinopterygii
Order Cypriniformes
Fami |y Cat ost om dae-suckers
Cat ost onus conmer soni whi te sucker i ntroduced Cat com
Cat ost onus di scobol us bl uehead sucker native Catdis
Cat ost onus | atipinnis fl annel nout h sucker native Catl at
C.comersoni X C. di scobolus hybrid i ntroduced conXdi s
C.commersoni X C latipinnis hybrid i ntroduced comXl at
C latipinnis X C discobolus hybrid native | at Xdi s
Clatipinnis X X. texanus hybrid native | at Xt ex
Xyrauchen t exanus razor back sucker native Xyrtex
Fam |y Cypri ni dae-carps and m nnows
Cyprinella lutrensis red shiner i ntroduced Cypl ut
Cyprinus carpio conmon carp i ntroduced Cypcar
G la robusta roundtail chub native Glrob
Pi nephal es pronel as fathead m nnow i ntroduced Pi npro
Pt ychochei l us | uci us Col orado pi kem nnow* native Ptyl uc
Rhi ni cht hys oscul us speckl ed dace native Rhi osc
Order Percifornes
Fam |y Centrarchi dae-sunfi shes
Leponi s cyanel | us green sunfish i ntroduced Lepcya
M cropt erus dol om eui smal | mout h bass i ntroduced M cdo
M cropt erus sal noi des | ar genout h bass i ntroduced M csa
Fam |y Moroni dae-tenperate basses
Morone saxatilis striped bass i ntroduced Mor sax
Fam |y Perci dae- perches
Stizostedion vitreum wal | eye i ntroduced Stivit
Order Sal noni f or mes
Fam |y Sal noni dae-trouts
Oncor hynchus nyki ss rai nbow trout i ntroduced Oncnyk
Salno trutta brown trout i ntroduced Saltru
Order Scorpaeni formes
Fam |y Cottidae-scul pins
Cot t us bai rdi nmottl ed scul pin native Cot ba
Order Siluriformes
Fam |y Ictaluridae-bull head catfishes
Anei urus nel as bl ack bul | head i ntroduced Amrenel
Anei urus natalis yel I ow bul | head i ntroduced Amenat
| ctal urus punctatus channel catfish i ntroduced | ct pun




Tabl e 3. Total nunber of fish collected during fall adult nonitoring trips on
the San Juan River, 1999-2001.
Total Number O Frequency O
Speci es Speci mens Percent O Tot al Cccurrence
(Conmmon Nane)
1999 2000 2001 1999 2000 2001 1999 2000 2001
Nati ve Fi shes:
fl annel nout h sucker 5,579 7,904 6, 750 45. 3 a7.7 45,2 227 263 260
bl uehead sucker 2,007 2,609 1,941 16. 3 15.8 13.0 167 189 243
speckl ed dace 143 498 309 1.2 3.0 2.1 58 109 129
bl uehead sucker X
fl annel nout h sucker 16 21 26 0.1 0.1 0.2 14 15 21
razor back sucker 5 8 11 ---2 --— --— 5 6 8
Col orado pi kem nnow 8 1 5 --— --— --— 5 1 5
nottled scul pin 1 8 2 --— --— --— 1 6 2
roundtail chub 2 0 0 --— N A N A 2 0 0
razor back sucker X
flannel mout h sucker 0 0 1 N A N A --— 0 0 1
Nonnati ve Fi shes:
channel catfish 3,314 3,704 4,286 26.9 22. 4 28.7 218 269 252
conmon carp 1, 203 1, 498 1, 327 9.8 9.0 8.9 205 246 238
red shiner 13 50 244 0.1 0.3 1.6 9 24 81
brown trout 9 12 11 ---a .- .- 7 7 10
f at head m nnow 2 7 8 .- .- .- 1 5 7
wal | eye 9 7 1 --— --— --— 8 6 1
white sucker X
flannel mout h sucker 4 1 4 .- .- —_— 4 1 4
white sucker 2 5 1 .- .- .- 2 3 1
bl ack bul | head 1 2 1 .- .- .- 1 2 1
| argemout h bass 0 111 2 N A 0.7 --— 0 58 2
striped bass 0 109 2 N A 0.7 --— 0 64 2
white sucker X bl uehead
sucker 4 1 0 --— --— N A 4 1 0
green sunfish 0 3 0 N A --— N A 0 3 0
rai nbow trout 0 1 0 N A --— N A 0 1 0
smal | nout h bass 1 0 0 --— N A N A 1 0 0
yel | ow bul | head 1 0 0 --— N A N A 1 0 0
a=less 0.1%

N A = Not Applicable
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Figure 1. The bars represent the percent of the total catch accounted for by
native fishes (white bars) versus nonnative fishes (shaded bars),
riverwide (RM 180.0-0.0), on adult nonitoring trips, 1996-2001. The
line represents the ratio of native to nonnative fishes (x:1)
coll ected on those sane trips.



el ectrofishing collections riverwide). The overall native to nonnative fish
ratio riverwide was 2.00:1 in 2000 (Figure 1). Endangered fishes collected
during 2000 adult nonitoring included one Col orado pi kem nnow, eight razorback
sucker. Al so notable anong 2000 adult nonitoring collections were relatively
| arge numbers of |argemouth bass (n = 111) and striped bass (n = 109; Table 3).
In 2001, a total of 19 different fish species or hybrids were collected with
fl annel nout h sucker being the nobst abundant (n = 6,750), followed in descending
order by channel catfish (n = 4,286), bluehead sucker (n = 1,941), and common
carp (n = 1,327, Table 3). Native fishes accounted for 9,045 specinmens or 60.6%
of the total catch in 2001 (n = 267 individual electrofishing collections
riverwide). Nonnative fishes accounted for 5,887 specinens or 39.4% of the total
catch in 2001 (n = 267 individual electrofishing collections riverwide). The
overall native to nonnative fish ratio riverwide was 1.54:1 in 2001 (Figure 1).
This is the Il owest riverwi de native to nonnative fish ratio observed in the |ast
six years (Figure 1). Endangered fishes collected during 2001 adult nonitoring
i ncluded five Col orado pi kem nnow, 11 razorback sucker. Also notable anong 2001
adult nonitoring collections was the collection of a suspected razorback sucker X
fl annel mout h sucker hybrid. This fish (TL = 282 mm W = 210 g) was collected on
1 Cctober 2001 at RM 20.3 fromthe river left shoreline just upstream of
Governnment Rapid. |t was preserved and sent to the University O New Mexico's
Museum of Sout hwestern Biology for identification and curation

Rare Native Fi shes

Col or ado Pi kenmi nnow

Fish Stocked As Part O An Augnentation Effort

Bet ween 1996 and 2002, a little over one million Col orado pi kemni nnow were
stocked into the San Juan River (Table 4). These included: 1) 227,449 age-0
juveniles stocked by the Utah Division of Wldlife Resources (UDWR) between 1996
and 1998 (Archer et al. 2000); 2) 605,000 |arval Col orado pi keni nnow al so st ocked
by UDMR in 1999 and 2000 (Jackson 2001); 3) 197 adult Col orado pi kem nnow st ocked
by the USFWS (49 in 1997 and 148 in 2001; Ryden 2000b, 2003a); and, 210,418 age-0
juveniles stocked by the USFW5 in COctober 2002; Ryden 2003a and Table 4). None
of the young Col orado pi kenmi nnow stocked by the UDWR were Pl T-tagged before their
release into the wild. 1In contrast, all of the 197 adult Col orado pi kem nnow
stocked by the USFW5 were PIT-tagged before release. Since spring 1997, the vast
majority of Col orado pi kem nnow collected fromthe San Juan River during various
sampling efforts have been recaptures fromthese nine stockings of Col orado
pi keni nnow (Tables 5 and 6).

The 49 adult Col orado pi kem nnow stocked in 1997 were 1981 year-class fish
that were age-16 at stocking. These fish were the left-overs froma sel eni um
depuration experinent that had been perforned at the U S. Ceol ogical Survey's
Col unbi a Envi ronmental Research Center in Yankton, South Dakota. When these fish
becane available to the SJRIP, they were in very poor health. These fish were
small for their age (mean TL = 644 nm Table 4), an artifact of being held in a
hat chery environnment their entire lives. |n addition, all 49 of these fish had
mld to severe “ich” infections fromweekly handling during the sel eni um study
and they were very stressed when stocked, with recently radio-inplanted fish (n =
17) appearing to be nore stressed than their PlIT-tagged counterparts (n = 34).
Overall, retention and survival of these fish in the river post-stocking was



Tabl e 4.

St ocki ngs of Col orado pi kem nnow in the San Juan River,

1996- 2002.

Nunber River Mle Mean Tot al Range O Tot al Responsi bl e

Dat e St ocked St ocked At Length (mm Lengths (mm) Agency?
11/ 04/ 1996  ~50, 000 148.0 55 25-85 UDWR
11/ 04/ 1996 ~50, 000 52.0 55 25- 85 UDV\R
08/ 15/ 1997 62,578 148.0 45 35-55 UDWR
08/ 15/ 1997 54, 300 52.0 45 35-55 UDVR
09/ 23/ 1997 49 180. 2 644 550- 753 USFW6
07/ 02/ 1998 10,571 148.0 24 18- 28 UDV\R
07/07/1999 ~500, 000 158. 6 “Larvae” Not Specified UDWR
06/ 11/ 2000 ~105, 000 141.9 “Larvae” Not Specified UDVR
04/ 11/ 2001 148 180. 2 540 442- 641 USFW5
10/ 24/ 2002 ~105, 200 180. 2 51 32-127 USFW5
10/ 24/ 2002 ~105, 200 158. 6 51 32-127 USFW5

2 UDWR = Utah Division of Wldlife Resources - Mab Field Station, Mdab,
Utah; USFWS = U.S. Fish and Wldlife Service - Col orado Ri ver Fishery

Pr oj ect,

Grand Juncti on,

Col or ado



Tabl e 5.

Informati on on PIT-tagged Col orado pi kemi nnow adults that have been

recaptured since they were stocked on 23 Septenber 1997 at RM 180. 2.

None of the adult fish fromthis particular stocking have ever been
recaptured nore than once.

Number O Days River Mle
PIT Tag Date O In River Since Tot al (O Section
Nunber Recapture St ocki ng Length Sex Cccupi ed) @
TF7F1E784D 09/ 29/ 1997 6 734 mm Femal e 179.0-178.0
TF7F336047 09/ 29/ 1997 6 610 mMm Mal e 179.0-178.0
7F7F32203C 09/ 29/ 1997 6 610 mMm Unknown 179.0-178.0
7TF7F1FOE25 09/ 29/ 1997 6 707 mm Femal e 178.0-177.3
7F7F1F1C01 09/ 29/ 1997 6 698 mMm Femal e 178.0-177.3
TF7F323F5C 09/ 29/ 1997 6 674 mm Femal e 178.0-177.3
7F7F1FOF3A 09/ 29/ 1997 6 640 mm Femal e 177.0-176.0
7TF7F1F1503 09/ 29/ 1997 6 624 mm Femal e 177.0-176.0
7TF7FO67F30 09/ 29/ 1997 6 624 mm Mal e 175.0-174.0
TF7F1E7228 09/ 30/ 1997 7 685 mMm Femal e 156. 1
7TF7F1F156F 03/31/1998 189 622 mm Femal e 177.2
TF7F1F1EL1E 03/ 31/ 1998 189 671 mm Femal e 173.6

a; These fish were all

collected during adult nonitoring trips.

The Col or ado

pi kem nnow col l ected in 1997 were not usually worked up inmedi ately upon

capture, but were held in fresh water separate fromother fish until that
particul ar el ectrofishing sanple (usually one nmile in | ength) was
completed. Fruitland Diversion is |located at RM 177.3. Therefore the RM
(178.0-177.0) was split into two separate el ectrofishing sanples, RM 178. 0-
177.3 and RM 177.3-177.0. Fish collected upstream of the diversion were
counted and rel eased upstream of the structure, then once the

el ectrofishing boats had run the diversion, the remai nder of the RM was
conpl eted as separate sanple.

-10-



Tabl e 6.

I nformati on on PIT-tagged Col orado pi kem nnow adults that have been

recaptured only once since being stocked on 11 April 2001 at RM
180. 2.

Nunmber O Days River Mle
PIT Tag Date O In River Since Tot al (O Section
Nunber Recapture St ocki ng Length Sex Cccupi ed) @

7F7B130C56 06/ 21/ 2001 71 503 mm Mal e 155.3

7F7B19570C 08/ 15/ 2001 126 513 mm Mal e 163. 3
7F7B1B6436 09/ 11/ 2001 153 496 mm Unknown 166. 6- 163. 4
TF7B177D17 09/ 11/ 2001 153 516 mm Unknown 163. 4-159.0
7TF7D4C391B 09/ 12/ 2001 154 466 mm Unknown 163.4-159.0

7F7B195C63 09/ 12/ 2001 154 547 mm Femal e 161.5
7F7D78355C 09/ 13/ 2001 155 509 mMm Unknown 166. 6- 163. 4
TF7D137454 02/ 06/ 2002 301 496 mm Unknown 163. 4-159.0
7F7B124128 02/ 07/ 2002 302 587 mm Unknown 166. 6- 163. 4
7F7B1B0OB31 02/ 28/ 2002 323 515 mm Unknown 163. 4-159.0
7TF7D486622 03/ 12/ 2002 335 510 mm Unknown 166. 6- 163. 4
7TF7D506D04 04/ 03/ 2002 357 480 mm Unknown 163. 4-159.0
TF7D477548 04/ 03/ 2002 357 554 mm Unknown 163.4-159.0
7TF7D481D3C 06/ 12/ 2002 427 564 mm Unknown 166. 6- 163. 4
7F7D401014 06/ 12/ 2002 427 486 mm Unknown 166. 6- 163. 4

a; In many instances fish were recaptured by channel catfish renoval crews.

These crews,

Col orado pi kem nnow.

was col |l ected in,

for the nost part,

ei t her:

di d not

report specific RMs of capture

Rat her they reported the river section that the fish

PNM Weir to APS Diversion (RM 166. 6-163.4) or

APS Diversion to the take-out on Buck Weeler’'s property (RM 163. 4-159.0).

-11-
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probably extrenmely low. Only 12 of these fish were recaptured after stocking, 10
within the first week after stocking (Table 5). The other two were recaptured
six nonths later (189 days after stocking) in March 1998, but none have been
recaptured since then (Table 5). Radio-tagged fish fromthis stocking displayed
erratic behavior and rapid downstream di spl acenents (Figure 2). Three of the 17
radi o-tagged fish were only contacted once after stocking and by July 1998,

anot her 11 had been confirned dead. Only three of these fish were thought to be
alive at the time of last contact (Figure 2).

The 148 adult Col orado pi keni nnow stocked in 2001 were 1991 year-class fish
that were age-10 at stocking. These fish were excess (i.e., less-desirable) fish
that were being culled frombroodstock |ots being held at Dexter National Fish
Hatchery (NFH) in Dexter, New Mexico. These fish were also snmall for their age
(mean TL = 540 nm Table 4). Because of their small size, the weight of the
radio tags being inplanted into these fish often exceeded the rul e-of-thunb
percentage (i.e., 2%or |less) of body weight. Mst of these fish also had “ich”
infections, although in nost cases it was not as severe as was observed anobng
adult fish fromthe 1997 stocking. As with the 1997 stocking, recently radio-
implanted fish (n = 8) appeared to be nore stressed at stocking than their PIT-
tagged counterparts (n = 141). Through 2002, the retention and survival of adult
fish stocked in 2001 has been sonewhat better than that observed anong adults
stocked in 1997. Twenty-six of these fish have been recaptured since stocking.
Fifteen of these fish have been recaptured once each, with recaptures occurring
as late as 427 days post-stocking (Table 6). The other 11 fish have been
recaptured two or nore tines, with recaptures occurring as |ate as 548 days post-
stocking (Table 7). The large majority of these fish (n = 24) have remained in
the section of river between the PNM Weir and Hogback Diversion (RM 166. 6-158. 6
Tables 6 and 7). The recapture of so many individual fish over a year after
stocking, the large nunber of nultiple recaptures, and the retention of fish so
far upriver are all encouraging. Unfortunately, as in 1997, survival anong
radi o-tagged fish fromthe 2001 stocking was al so very poor. As in 1997, radio-
tagged fish fromthe 2001 stocking al so displayed erratic behavior and rapid
downstream di spl acenent (Figure 3). By March 2003, seven of the eight radio-
tagged fish were either confirmed or suspected dead (Figure 3). Only one of
these fish was thought to be alive at the time of last contact in April 2003
(Figure 3).

The 210, 418 age-0 Col orado pi kem nnow stocked on 24 Cctober 2002, were the
first ot to be stocked as part of an eight-year augnentation effort, schedul ed
to last through 2009 (Ryden 2003a). Roughly half of these fish were stocked at
RM 158.6, while the remai nder were stocked at RM 180.2 (Table 4). The nmean TL of
age-0 fish stocked in 2000 (51 mm TL) was very close to that of fish stocked by
UDWR in the fall of 1996 (nmean TL = 55 mm), the stocking fromwhich the |arge
majorities of recaptures in 1997 and 1998 occurred (Ryden 2000a, 2000b).

1999- 2001 Col | ecti ons

1999: Ten stocked juvenile Col orado pi kem nnow were recaptured from RM
149.0-5.0 during the 1999 adult monitoring trip (Table 8. One of these (PIT tag
# 1F681D510B, collected 1 Cctober 1999 at RM 86.0, 367 mm TL) had previously been
captured and PIT-tagged on 7 Cctober 1997 at RM79.6 (215 mm TL; Ryden 2000a).
The ot her nine stocked juvenile Col orado pi kem nnow collected in 1999 were al
first-tine recaptures. These nine fish were all PIT-tagged before being rel eased
(Table 8). Two of the ten recaptures (i.e., 346 and 367 nm TL) were fish that
had been stocked by UDWR in 1996, four (273, 277, 279, and 297 mm TL) had been
stocked by UDWR in 1997, and the last four (157, 164, 207, and 215 mm TL) had
been stocked by UDWR in 1998 (Table 4).
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Table 7. Information on PlIT-tagged Col orado pi kem nnow adults that have been recaptured two or nore tines
since stocking. Al of these fish were stocked on 11 April 2001 at RM 180. 2.
Nunber O Tot al River Mle
Tot al Date O Days | n Length (O Section
PIT Tag Nurmber O Last Ri ver Since | At Last Cccupi ed) At
Nurber Recapt ur es Recapt ure st ocki ng Capture Sex Last Capture? Conmrent s
7F7B105D64 3 02/ 28/ 2002 322 565 mm | Unknown 166. 6- 163. 4
7F7B13071A 03/ 13/ 2002 336 500 mMm Mal e 166. 6- 163. 4
7F7D154613 3 03/ 13/ 2002 336 621 mMm Femal e 163.4-159.0
7F7D154556 2 03/ 13/ 2002 336 558 mm Mal e 163.4-159.0
7F7B12420E 2 04/ 02/ 2002 356 515 mm | Unknown 163.4-159.0
First recapture was on
7F7D131841 2 04/ 30/ 2002 384 525 mm | Unknown 129. 4 14 August 2001 between
RM 163.4 and RM 159.0
7F7B025D78 3 06/ 11/ 2002 426 526 mm | Unknown 163. 4-159.0 Mortality: 06/11/2002
7F7D15303F 5 06/ 13/ 2002 428 605 mMm | Unknown 166. 6- 163. 4
This fish noved
downst ream of APS
Di versi on (RM 163. 4)
7F7B107B59 4 10/ 11/ 2002 548 618 mMm Mal e 166.5 after stocking, then
noved back upstream of
APS prior to its |ast
recapture
7F7BOE4C63 4 10/ 11/ 2002 548 532 mm Mal e 163. 2
7F7B122152 3 10/ 11/ 2002 548 521 mm Mal e 163. 2
a In many instances fish were recaptured by channel catfish removal crews. These crews, for the npbst part, did not

report specific RMs of capture for Col orado pi kenm nnow.

collected in, either:
property (RM 163. 4-159.0).
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Table 8. Col orado pi kem nnow collected fromthe San Juan River on adult

monitoring trips, 1999-2001.
Tot al Capture Wlid O
Date O PIT Tag Radi o | Length Wi ght Sex? Ri ver St ocked
Capt ure Nunber Freq. (m) (grans) Mle Fi sh
Fall 1999 Adult Monitoring Trip (n = 10):

09/ 21/ 1999 5124407278 NONE 207 60 I 149.0 St ocked
09/ 30/ 1999 51247F0AGA NONE 164 20 I 103.0 St ocked
09/ 30/ 1999 5124671D22 NONE 157 29 [ 97.0 St ocked
10/ 01/ 1999 1F681D510B® NONE 367 335 I 86.0 St ocked
10/ 01/ 1999 51247F0B49° NONE 346 274 I 86.0 St ocked
10/ 01/ 1999 51246F2B26 NONE 215 55 I 83.0 St ocked
10/ 03/ 1999 51247C5B3D NONE 277 155 [ 58.0 St ocked
10/ 03/ 1999 5124706035 NONE 279 160 I 58.0 St ocked
10/ 07/ 1999 51246D5A66 NONE 297 115 I 5.0 St ocked
10/ 07/ 1999 51247B0D6B NONE 273 85 I 5.0 St ocked

Fall 2000 Adult Mnitoring Trip (n = 1):
09/ 21/ 2000 51247D4B57 NONE 402 470 I 149.0 St ocked

Fall 2001 Adult Monitoring Trip (n = 5):
09/ 25/ 2001 TF7F187A5A NONE 197 48 I 112.8 St ocked
09/ 27/ 2001 5326480E0A NONE 234 105 [ 86.0 St ocked
09/ 28/ 2001 5326231C12 NONE 244 105 I 61.0 St ocked
10/ 19/ 2001 7F7BOE4C63 NONE 520 1100 I 163. 3 St ocked
10/ 19/ 2001 7F7B107B59 NONE 605 1500 I 163. 2 St ocked

2 | =Indetermnate; M= Male; F = Fenual e

b.

®

This fish had a channel
recapt ur ed.

catfish (111 mm TL)

This fish was originally recaptured and Pl T-tagged on 7 Cctober
79.6 (215 mm TL).
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Fi gure 2. Movenents of 17 radi o-tagged adult Col orado pi kenmi nnow in 1997 and
1998. Al of these fish were stocked on 23 Septenber 1997 at RM
180.2. These fish were age-16 when stocked. The circle indicates a
fish that was known to be alive at the tine of |ast contact.
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OCT 2002

L
(@] <

MONTH AND YEAR

APR 2001
AUG 2001
OCT 2001
AUG 2002

Movenents of eight radi o-tagged adult Col orado pi kem nnow 2001- 2003.
Al'l of these fish were stocked on 11 April 2001 at RM 180.2. These
fish were age-10 when stocked. The circle indicates a fish that was
known to be alive at the time of |ast contact.
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O particular note anong Col orado pi kenmi nnow col |l ected on the 1999 adult
monitoring trip was the recapture of a stocked juvenile Col orado pi kem nnow (PI'T
tag # 51247F0B49, 346 mm TL, 274 g) collected on 1 Cctober 1999 between RM 87.0
and 86.0 in Uah had a channel catfish (111 mmTL, 11 g) lodged firmy inits
mouth (Table 8). For full details on this particular fish see Ryden (2000b) or
Ryden and Smith (2002). An additional 16 stocked juvenile Col orado pikemnm nnow
were recaptured during sanmpling for other studies (Table 9a).

An additional 17 Col orado pi kem nnow were col |l ected during sanmpling for
other studies in 1999 from RM 151. 05-104.0 (Table 9a). One of these, a wld
adult fermale, was originally captured on 14 April 1993 at RM 128.8 (797 nm TL,
5550 g) and inplanted with radio tag #40.980 (Figure 4; Ryden 2000a). It was
recaptured on 12 April 1994 at RM 133.2 (820 mm TL, 5810 g), at which tine the
old radio tag was renoved and a new radi o tag (#40.848) was inplanted (Ryden
2000a). Radio contact with tag #40.848 was mai ntained until 4 October 1994. On
29 Septenber 1998, this fish was recaptured again at RM 137.6 (845 nm TL, 6100 g)
and was inplanted with its third radio tag (#40.970). Contact was nai ntai ned
with tag #40.870 until 8 June 1999. This fish was recaptured during a channel
catfish mechanical renoval trip on 23 March 1999 (Table 9a) and again on a
razor back sucker nonitoring trip on 25 July 2000 (Table 9b). In all, 34 contacts
(i.e., captures, recaptures, and radio telenetry contacts) have been nade with
this fish over nore than six years (Ryden 2000b). The novenments of this healthy,
wi | d radi o-tagged fish over a several year period (Figure 4) provide a stark
contrast to those observed anobng hatchery-reared adult fish stocked in 1997 and
2001 (Figures 2 and 3; Ryden 2000b).

2000: Only one Col orado pi kem nnow was recaptured during the Cctober 2000
adult nonitoring trip (Table 8; Ryden 2001a). This 402 nm TL sub-adult was
recaptured at RM 149.0 on 21 Septenber 2000. This was a recapture of a fish
stocked by the UDWR, probably in August 1998. El even nore stocked Col orado
pi kem nnow were coll ected during sanpling for other studies in 2000 from RM
137.3-10.7 (Table 9b). The sanme wild Col orado pi kem nnow fenal e that was
captured in 1999 was recaptured again on 25 July 2000 at RM 138.9 (Tabl e 9b).

2001: Five Col orado pi kem nnow were recaptured during the October 2001
adult nonitoring trip fromRM 163.3-61.0 (Table 8). Three of these fish (197
234, and 244 mm TL) were juveniles that had been stocked as | arvae by the UDWR in
either 1999 or 2000 (Table 4). The other two (520 and 605 mm TL) were recaptures
of adult Col orado pi kem nnow stocked by the USFW5 in 2001 (Table 4). An
addi ti onal 20 Col orado pikeni nnow col | ected during sanpling for other studies in
2001 (Table 9¢c). Fifteen of these (all > 450 nm TL), including all the
recaptures that occurred upstreamof RM 155.0, were recaptures of adult fish that
had been stocked at RM 180.2 in April 2001 (Table 4). The other five fish were
recaptures of juvenile fish stocked by UDWR (Tabl e 9c).

Popul ati on Trends

Captures of wild Col orado pi kem nnow continue to be extrenely rare in the
San Juan River. The last wild Col orado pi kem nnow to be coll ected was the 846 mm
TL femal e that was recaptured on 25 July 2000 at RM 138.9 (Table 9b). This fish
had al so been captured each of the previous two years - at RM 131.5 on 23 March
1999 and at RM 137.6 on 29 Septenber 1998.

Recaptures of stocked Col orado pi kenm nnow al so continue to be relatively
rare, especially when conpared to the nunber of fish that have been stocked
(i.e., over one mllion) since 1996 (Table 4). However, many adult Col orado
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Tabl e 9a.

efforts for other studies in 1999.

Col orado pi keni nnow col | ected fromthe San Juan River during sanpling

Tot al Capture Wlid O
Date O PIT Tag Radi o | Length Wi ght Sex? Ri ver St ocked
Capt ure Nunber Freq. (m) (grans) Mle Fi sh
Capt ures by USFWS- Al buquerque in 1999 (n = 13):
03/ 23/ 1999 1F66536147 NONE 117 11 I 134.0 St ocked
03/ 23/ 1999 1F66226178 NONE 151 21 I 134.0 St ocked
03/ 23/ 1999 520074553F NONE 153 25 [ 132.5 St ocked
03/ 23/ 1999 41652A6621 NONE 156 25 I 131.8 St ocked
03/ 23/ 1999 NONE NONE 90 2 I 131.8 St ocked
03/23/1999 416D076613 NONE 137 17 I 131.8 St ocked
03/ 23/ 1999 7F7D225E24 970 845 7500 F 131.5 Wild
03/ 23/ 1999 420F251833 NONE 166 26 I 131.0 St ocked
03/ 23/ 1999 1F606D1103 NONE 148 21 I 127.7 St ocked
03/ 24/ 1999 1F65532504 NONE 153 22 I 127.7 St ocked
03/ 24/ 1999 1F717D787B NONE 167 28 I 127.7 St ocked
03/ 24/ 1999 1F631E3030 NONE 156 22 I 127.7 St ocked
03/ 24/ 1999 416E391251 NONE 149 20 I 127.7 St ocked
Captures by Ecosystens Research Institute and M|l er Ecol ogical Consultants
(ERI/MEC) in 1999 (n = 3):
10/ 13/ 1999 NONE NONE 202 59 I 147.0 St ocked
10/ 13/ 1999 NONE NONE 233 92 I 147.0 St ocked
10/ 20/ 1999 NONE NONE 420 482 I 104.0 St ocked

Captures by New Mexi co Departnment of Game and Fish (NM&F)-Santa Fe in 1999

(n =1):

09/ 21/ 1999 1F41470CAD NONE 226 70 I 151. 05 St ocked
I = Indetermnate; M= Male; F Femal e
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Tabl e 9b.

Col orado pi keni nnow col | ected fromthe San Juan River during sanpling
efforts for other studies in 2000.

Tot al Capture Wlid O
Date O PIT Tag Radi o | Length Wi ght Sex? Ri ver St ocked
Capt ure Nunber Freq. (m) (grans) Mle Fi sh
Captures by USFWS- G and Junction in 2000 (n = 3):
05/ 04/ 2000 512737211D NONE 220 90 I 97.0 St ocked
07/ 25/ 2000 7TF7D225E24® 970 846 6850 F 138.9 Wid
07/ 25/ 2000 7F7B113D5C NONE 404 425 [ 137.3 St ocked
Captures by UDWR-Mbab in 2000 (n = 6): NOTE: SL = Standard Length
06/ 13/ 2000 NONE NONE 8.5 SL ----b I 114.9 St ocked
06/ 13/ 2000 NONE NONE | 8.5 SL ---- I 78.8 St ocked
06/ 13/ 2000 NONE NONE | 8.0 SL ---- [ 78.1 St ocked
06/ 13/ 2000 NONE NONE 8.5 SL ---- I 78. 1 St ocked
07/ 09/ 2000 NONE NONE 65 ---- I 106. 7 St ocked
07/ 11/ 2000 NONE NONE 340 ---- I 10.7 St ocked
Captures by NMGF-Santa Fe in 2000 (n = 3):
10/ 02/ 2000 NONE NONE 75 ---- I 117. 4 St ocked
10/ 02/ 2000 NONE NONE 75 ---- I 117. 4 St ocked
10/ 05/ 2000 NONE NONE 93 ---- I 69. 8 St ocked
2 | =Indetermnate; M= Male; F = Fenual e

b These fish were not wei ghed

® This is the same wild Col orado pi kem nnow femal e that was recaptured in 1999
(see Tabl e 6a).
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Tabl e 9c. Col orado pi kem nnow col |l ected fromthe San Juan

efforts for other studies in 2001.

Ri ver during sanpling

Tot al Capture Wlid O
Date O PIT Tag Radi o | Length Wi ght Sex? Ri ver St ocked
Capt ure Nunber Freq. (m) (grans) Mle Fi sh
Captures by USFWS- G and Junction in 2001 (n = 6):
05/ 06/ 2001 1F63564563 NONE 351 375 I 109.0 St ocked
06/ 21/ 2001 7F7B130C56 NONE 503 1100 M 155.3 St ocked
06/ 25/ 2001 7F7B113B34 NONE 354 280 [ 90.0 St ocked
06/ 25/ 2001 7F7BOD621F NONE 398 505 I 88. 2 St ocked
06/ 25/ 2001 53246B7241 NONE 143 19 I 86.0 St ocked
06/ 25/ 2001 7F7B033C22 NONE 140 18 I 84.0 St ocked
Capt ures by USFWS- Al buquerque in 2001 (n = 14):
08/ 14/ 2001 7F7D131841 NONE 525 950 I 159.0 St ocked
08/ 15/ 2001 7F7D15303F NONE 598 1400 I 165.0 St ocked
08/ 15/ 2001 7F7B19570C NONE 513 770 M 163. 3 St ocked
08/ 15/ 2001 7F7D154556 NONE 552 1100 M 163. 3 St ocked
08/ 15/ 2001 7F7B122152 NONE 505 900 M 160. 7 St ocked
08/ 15/ 2001 7F7D154613 NONE 614 1800 I 159.0 St ocked
09/ 11/ 2001 7F7B122152® NONE 505 970 M 164.0 St ocked
09/ 11/ 2001 7F7B1B6436 NONE 496 855 [ 164.0 St ocked
09/ 11/ 2001 7F7B177D17 NONE 516 1050 I 159.0 St ocked
09/ 12/ 2001 7F7B105D64 NONE 565 1150 I 164.0 St ocked
09/ 12/ 2001 7F7B195C63 671 547 1100 F 161.5 St ocked
09/ 12/ 2001 7F7D4C391B NONE 466 650 [ 159.0 St ocked
09/ 13/ 2001 7F7D78355C NONE 509 870 I 164.0 St ocked
09/ 13/ 2001 7F7B025D78 NONE 523 850 I 159.0 St ocked
| = Indeterminate; M= Male; F = Fenal e

®

Second recapture of this fish in 2001.
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Fi gure 4.

MOVEMENTS OF A WILD, FEMALE
COLORADO PIKEMINNOW, 1993-1999

NO CONTACT WAS MADE
WITH THIS FISH, 1995-1997

1993

994
1998
1999

YEAR OF CONTACT

Movenents of a wild, adult femal e Col orado pi kenm nnow bet ween 1993
and 1999.
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pi kem nnow stocked at RM 180.2 in April 2001 have been docunented using the
section of river fromPNM Wir to Hogback Di version (RM 166.6-158.6) up to a year
and half after stocking (Tables 6 and 7). Small nunbers Col orado pi kem nnow
stocked as juveniles or |arvae between 1996 and 2000 continue to be captured on
adult nonitoring and other sanpling trips (Tables 9a-9c).

In 1997 and 1998 it appeared that Col orado pi kem nnow that had been stocked
since 1996 were beconmi ng wel |l -established and woul d successfully
recruit into the adult population. CPUE of Col orado pi kenmi nnow had i ncreased
steadily between spring 1997 and fall 1998 to the highest |evel observed for this
speci es since studies began in 1991 (Figure 5). 1In fact 95 individual Colorado
pi kem nnow were collected on the fall 1998 adult nonitoring trip -- an
unpr ecedent ed nunber (Ryden 2000b). Several of the Col orado pi kem nnow t hat had
originally been stocked in 1996 at an average size of 55 mm TL (Table 4) had
reached sizes as large as 367 mm TL by fall 1998 (Ryden 2000b). Then, after the
fall 1998 adult nonitoring trip, these fish essentially di sappeared from
collections (Figure 5; Ryden 200la). The reason for this sudden, narked drop off
is unknown. To date, CPUE for Col orado pi keni nnow (both wild and stocked)
remai ns | ow.

-22-



Fi gure 5.
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1996-2002 COMPARISON
USFWS-CRFP SAMPLING ONLY

NOTE:
SPRING SAMPLING = RM 158.6-76.4

Col orado pi kem nnow catch per unit effort (CPUE) on fall adult nonitoring trips and spring
razorback sucker nonitoring trips, 1996-2001. This graph includes all Col orado pikemnm nnow

col l ected by USFWs- CRFP during these trips,
stocked fish (juveniles and adults).

i ncluding both captures of wild fish and recaptures of
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Razor back Sucker

Fish Stocked As Part O An Augnentation Effort

Bet ween March 1994 and April 2003, 7,166 razorback sucker were stocked into
the San Juan River (Table 10). These included: 1) 940 stocked between 1994 and
1996 as part of an experinmental stocking study (Ryden and Pfeifer 1994); 2) 5, 896
stocked between 1997 and 2001 as part of the original five-year augnmentation plan
(Ryden 1997); and, 3) 330 stocked in 2002 and so far in 2003 — the interim period
between the end of the first five-year augnentation effort (Ryden 1997) and the
upcom ng ei ght-year augnentation effort (Ryden 2003b) schedul ed to begin in 2004.
Al 7,166 of these fish were stocked into the San Juan River, either by or under
the direction of the USFW5, for the purpose of reestablishing a self-sustaining
popul ati on of razorback sucker in the San Juan River (Ryden and Pfeifer 1994,
Ryden 1997, Ryden 2003b). These 7,166 fish were all individually-inplanted wth
PIT tags before being released into the wld.

In a separate effort, the UDWR stocked 130 razorback sucker into Lake Powel |
in August 1995 - 65 on 8 August and another 65 on 15 August (Table 10). Three of
these fish have since been recaptured upstreamin the San Juan River (Tables 10,
11, and 12a). So, although the fish stocked by UDWR i n Lake Powel | in August
1995 were not part of the “official” stocking effort in the San Juan R ver
evidence indicates that at |east a few of them have noved upstream from Lake
Powel | and have |ikely become part of the riverine population. Al 130 of these
fish were individually-inplanted with PIT tags before being released into the
wi | d.

There was al so an unintentional stocking of razorback sucker on 3 August
1999 (Table 10). This occurred when unseasonably heavy rains caused the earthen
dam on the razorback sucker grow out pond near o Amarillo, NMto wash out,
conpl etely draining the pond, and washing the fish being held there dowmm § o Wash
(Ryden 2000c, 2001b). An unknown nunber of these fish subsequently entered the
San Juan River at RM 170.8. The exact nunber or sizes of these fish were
unknown. None of these fish had PIT tags. To date, 12 fish thought to be from
this unintentional stocking have been collected in the San Juan River
Col | ections occurred from 21 Septenber 2000 to 7 February 2002 between RM 169.0
and 153.8 (range of TL's = 351-440 nmj).

1999- 2001 Col | ecti ons

1999: Five razorback sucker were collected during the 1999 adult nonitoring
trip fromRM 107.7-55.3 (Table 11; Ryden 2000c). Al five were fromrelatively
recent stockings, with four having been stocked in 1998 (241, 452, 486, and 489
mm TL), and the other (357 mm TL) in 1997

An additional twenty razorback sucker were collected during sanpling for
ot her studies fromRM 151.0-0.7 (Table 12a; Ryden 2000c). O note anong
recaptures fromother studies were three razorback sucker collected froma
suspect ed spawni ng aggregation at RM 100.2 on 16 April 1999 (Table 12a),

di scussed in nore detail below Three of five razorback sucker collected in the
Lake Powell inflow area (i.e., downstreamof RM 3.0) in 1999 were fish that had
been stocked at RM 158.6 in 1998, the fourth (532 mMm TL) at RM 0.0 in 1995, and
the fifth (489 mm TL) had no detectable PIT tag at the tinme of capture (Table
12a).
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Tabl e 10. Stockings of razorback sucker in the San Juan River, 1994-2003.
Nunber River Mles Mean Tot al Range O Tot al Responsi bl e
Dat e St ocked St ocked At® Length (nmm Lengths (M) Agency®
03/ 30/ 1994 15 136. 6- 79. 277 239- 316 USFWB
10/ 27/ 1994 16 136. 6- 79. 403 384-435 USFW\B
11/ 17/ 1994 478 158. 6- 79. 190 100- 374 USFWB
11/ 18/ 1994 178 158. 6- 79. 400 330- 446 USFWB
08/ 08/ 1995 65 0.0 405 348-431 UDWR
08/ 15/ 1995 65 0.0 409 369- 437 UDWR
09/ 27/ 1995 16 158. 6 424 397- 482 USFW5
10/ 03/ 1996 237 158. 6 335 204- 434 USFW\B
09/ 03/ 1997 1027 158. 6 193 Not Specified USFWB
09/ 17/ 1997 227 158. 6 229 Not Specified USFWB
09/ 19/ 1997 1631 158. 6 185 104- 412 USFW\B
04/ 22/ 1998 57 158. 6 420 380- 460 UDVR
05/ 28/ 1998 67 158. 6 417 341- 470 UDVR
10/ 15/ 1998 1155 158. 6 232 185- 315 USFW\B
08/ 03/ 1999 Unknown 170.8 Unknown Unknown — ----- d
10/ 20/ 2000 1044 158. 6 214 111-523 USFW\B
11/ 01/ 2001 688 158. 6 410 288- 560 USFWB
04/ 11/ 2002 13 178.2 137 110-170 CDow
04/ 22/ 2002 101 158. 6 334 240- 470 UDVR
11/ 06/ 2002 25 158. 6 351 295- 456 USFWB
04/ 14/ 2003 121 158. 6 413 341-491 UDVR
04/17/ 2003 70 158. 6 380 255- 495 USFWB

2 |In 1994, fish were stocked at one of four stocking sites (RM 158.6, 136. 6,

117.5, or 79.6). VWhen groups of fish were stocked at multiple sites, they
were stocked in roughly equal nunbers at each site (i.e., on 03/30/1994
each of the three stocking sites got five of the 15 fish stocked).

CDOW = Col orado Division of Wldlife - Information and Educati on Program
Grand Junction, Colorado; UDMR = Uah Division of WIdlife Resources -
Wahweap Warmwat er Fish Hatchery, Big Water, Utah; USFWs = U. S. Fish and
Wldlife Service - Colorado River Fishery Project, Gand Junction, Colorado

These fish were stocked in Lake Powel|l at Piute Farnms (RM0.0). They are
listed here because three of them have been recaptured in the San Juan
River (one at RM 58.0 on 05/21/1996; one at RM 1.1 on 10/05/1999; and, one
at RM 71.1 on 09/28/2001).

This was an unintentional stocking that occurred when heavy rains caused
the earthen damon a grow out pond near Go Anmarillo, NMto wash out. The
pond conpl etely drai ned washi ng an unknown nunber of fish dowmn G o Wash to
its confluence with the San Juan River (RM 170.8). Twelve of these fish
were recaptured between 09/21/2000 and 02/07/2002.
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Table 11. Razorback sucker collected fromthe San Juan R ver on adult nonitoring
trips, 1999-2001.
Tot al Capt ure Wild O
Date O PI T Tag Radi o Lengt h Wi ght Sex? Ri ver St ocked
Capture Nurber Freq. (m) (grans) Mle Fi sh
Fall 1999 Adult Monitoring Trip (n = 5)
09/ 29/ 1999 513402471F NONE 241 110 I 107.7 St ocked
10/ 01/ 1999 7F7B107949 741 486 1450 F 88.0 St ocked
10/ 01/ 1999 7TF7B177D42 771 357 400 F 76. 4 St ocked
10/ 02/ 1999 7F7B107152 761 452 980 M 59.4 St ocked
10/ 03/ 1999 7F7B1A510C 841 489 1275 F 55.3 St ocked
Fall 2000 Adult Monitoring Trip (n = 8):
09/ 21/ 2000 NONE NONE 410 820 I 169.0 St ocked
09/ 21/ 2000 NONE NONE 380 615 I 169.0 St ocked
09/ 21/ 2000 NONE NONE 351 457 I 169.0 St ocked
10/ 02/ 2000 420F365F58 751 474 1120 I 108. 7 St ocked
10/ 03/ 2000 1F43597253 831 510 1400 M 100.0 St ocked
10/ 03/ 2000 42131C4420 811 508 1400 F 100.0 St ocked
10/ 04/ 2000 1F743D161A 820 422 1800 M 77.0 St ocked
10/ 09/ 2000 7F7B124458 791 483 1005 M 11.0 St ocked
Fall 2001 Adult Monitoring Trip (n = 11):
09/ 26/ 2001 1F413C7C68 032 565 1700 F 103.0 St ocked
09/ 26/ 2001 1F4143510C 131 506 1200 I 103.0 St ocked
09/ 27/ 2001 1F731B4112 121 446 850 M 79.0 St ocked
09/ 28/ 2001 1F462A5918 111 525 1800 I 71.1 St ocked
09/ 29/ 2001 7F7B13512F 011 464 720 M 53.4 St ocked
10/ 15/ 2001 1F40195E2A 276 478 1075 F 128. 3 St ocked
10/ 15/ 2001 532463751B NONE 398 640 I 128.1 St ocked
10/ 15/ 2001 416D4F3B55® NONE 456 940 M 128.0 St ocked
10/ 15/ 2001 5327580D15® NONE 527 1300 F 124.0 St ocked
10/ 16/ 2001 53245A7C4A6 NONE 407 640 I 134.1 St ocked
10/ 18/ 2001 5326075E44 NONE 402 750 F 149. 2 St ocked
& | = Indetermnate; M= Male; F = Female

® Second recapture of this fish in 2001.
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Tabl e 12a.

efforts for other studies in 1999.

Razorback sucker collected fromthe San Juan River during sanpling

Tot al Capture Wlid O
Date O PIT Tag Radi o | Length Wi ght Sex? Ri ver St ocked
Capt ure Nunber Freq. (m) (grans) Mle Fi sh
Captures by USFW5- Grand Junction in 1999 (n = 11):
04/ 12/ 1999 1F73326C50 NONE 474 1350 I 151.0 St ocked
04/ 13/ 1999 7TF7D175C49 NONE 393 660 F 141.0 St ocked
04/ 13/ 1999 1F4A02EA52E NONE 440 900 M 140.0 St ocked
04/ 16/ 1999 1F404E666D NONE 548 1840 F 108.0 St ocked
04/ 16/ 1999 1F435D1C25 NONE 509 1300 M 100. 2 St ocked
04/ 16/ 1999 1F40464E0D NONE 438 790 M 100. 2 St ocked
04/ 16/ 1999 1F74362314 NONE 565 1650 F 100. 2 St ocked
04/ 17/ 1999 1F40496870 NONE 431 815 M 95.0 St ocked
04/ 17/ 1999 1F413C7C68 NONE 527 1850 F 91.5 St ocked
04/ 17/ 1999 51337B7079 NONE 440 950 M 89.8 St ocked
04/ 17/ 1999 1F414E3E14 NONE 472 930 M 86. 3 St ocked
Captures by U. S. Ceol ogi cal Survey-Biol ogical Resources Division (USGS-BRD) and
UDWR in Lake Powell in 1999 (n = 5):
07/13/1999 5220551C28 NONE 489 1495 I 2.0 St ocked
08/ 17/ 1999 7F7B1B5402 NONE 467 1075 I 1.1 St ocked
10/ 05/ 1999 1F75115803 NONE 532 1590 I 1.1 St ocked
10/ 05/ 1999 7F7B18014B NONE 490 1320 M 0.7 St ocked
10/ 07/ 1999 7F7B12155F NONE 459 1048 M 1.1 St ocked
Captures by MEC/ERI in 1999 (n = 4):
10/ 20/ 1999 7TF7B127127 NONE 458 1008 I 104.0 St ocked
10/20/1999 |  ----- b NONE 473 990 I 104.0 St ocked
10/20/1999 |  ----- b NONE 478 1021 I 104.0 St ocked
10/20/1999 |  ----- b NONE 542 1686 I 104.0 St ocked
& | = Indeterminate; M= Male; F = Fenuale

b These val ues were not available due to lack of a PIT tag reader.
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2000: Eight stocked razorback sucker were recaptured during the 2000 adult
monitoring trip fromRM 169.0-11.0 (Table 11; Ryden 2001b). For the first tine
ever, razorback sucker (n = 3) were collected upstream of the PNM Wir (RM
166.6). These fish did not have PIT tags at the time of recapture. It is likely
that these fish came from g o Pond whi ch washed out on 3 August 1998 when the
di ke broke during heavy rains (Ryden 2000c). Anong the other five recaptures
during adult nonitoring, two had been stocked in 1994 (422 and 510 mm TL), two in
1997 (474 and 508 nm TL), and the last in 1998 (483 nm TL).

Ten additional razorback sucker were collected during sampling for other
studies in 2000 fromRM 141.0 to -4.1 (Table 12b; Ryden 2001b). O the seven
razorback sucker collected in the inflow area (i.e., downstreamof RM3.0) or in
Lake Powel | itself, four (492, 505, 505, and 522 nm TL) were fish that had been
stocked at upstream |l ocations in 1994, one (485 nm TL) in 1998, one (472 mm TL)
at RM 0.0 in 1995, and the last (495 nm TL) had no detectable PIT tag at the tine
of capture (Table 12b).

2001: El even stocked razorback sucker were recaptured during the 2001 adult
monitoring trip fromRM 149.2-53.4 (Table 11). Two of these fish had been
captured earlier in 2001 on razorback sucker nonitoring trips (Table 12c).

Anot her (radio tag 276), had originally been inplanted with a radio tag and
stocked on 27 Septenber 1995 at RM 158.6, but had not been contacted between that
date and its recapture at RM 128.3 on 15 COctober 2001. O the 11 adult

nmoni toring razorback captures, three (446, 506, and 565 mm TL) were stocked in
1994, two in 1995 - one at RM 0.0 (525 nm TL) and the ot her upstream (478 nmm TL),
one in 1997 (456 nm TL), one in 1998 (464 mm TL), and four in 2000 (398, 402

407, and 527 nm TL).

An additional 44 razorback sucker were collected during sanpling for other
studies in 2001 fromRM 167.0-85.4 (Table 12c). For the second year in a row, a
razorback sucker was collected upstreamof the PNM Wir at RM 167.0 on 15
Sept enber 2001 (Table 12c). The crew that captured this fish did not have a PIT
tag reader with them so it is unknown whether or not this fish had been
previously PIT-tagged. However, it is very likely that this fish came fromgo
Pond whi ch washed out on 3 August 1999 (Ryden 2000c). 1In addition to the fish
collected at RM 167.0, six razorback sucker (355, 357, 359, 366, 370, and 386 mm
TL) recaptured from RM 166. 6-158.6 in 2001 had no detectable PIT tags at tine of
capture (Table 12c). These six fish were likely also fish that had washed out of
g o Pond in August 1999 (Ryden 2000c). These fish were inplanted with PIT tags
before being returned to the river. The other two razorback sucker collected by
USFW5- Al buquer que had both noved upstream past the Hogback Diversion. One of
them (PIT tag nunber 203F4C3Al1B, recaptured at RM 160.7 on 15 August) had been
captured earlier in 2001 (on 24 June at RM 109.6) and had noved upstream 51.1 RM
in just 52 days (an average of 0.98 RM day).

The |l ast fish of note anpbng 2001 captures was collected on 19 April 2001
(Table 12c). On this date three radio-tagged fish (two nales and a fenale) were
observed, via radiotelemetry, in very close proxinmty to one another at the
suspected spawning site (RM 100.2). When an attenpt was made to recapture these
radi o-tagged fish using a trammel net, a PIT-tagged fish (1F40447964) was
collected instead. The presence of this ripe male fish in close proxinmity to
other ripe adults hel ped strengthen the evidence that this is indeed a spawni ng
area for razorback sucker.
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Tabl e 12b. Razorback sucker collected fromthe San Juan River during sanpling
efforts for other studies in 2000.
Tot al Capture Wlid O
Date O PIT Tag Radi o | Length Wi ght Sex? Ri ver St ocked
Capt ure Nunber Freq. (m) (grans) Mle Fi sh
Captures by USFW5- Grand Junction in 2000 (n = 3):
05/ 01/ 2000 7F7D175C49 NONE 398 740 F 141.0 St ocked
05/ 03/ 2000 507F727F1E NONE 469 1500 M 115.0 St ocked
05/ 04/ 2000 7F7D1B6654 639 449 760 M 88.0 St ocked
Captures by USGS-BRD and UDWR in Lake Powell in 2000 (n = 7):
06/ 06/ 2000 1F41482038 NONE 492 1294 I 0.0 St ocked
06/ 06/ 2000 7F7B11352B NONE 485 982 M 0.0 St ocked
06/ 06/ 2000 1F6B2B7356 NONE 472 1202 I 0.0 St ocked
06/ 07/ 2000 1F732D724F NONE 505 1392 M -4.1° St ocked
06/ 27/ 2000 1F412A2D49 NONE 505 1466 I 0.7 St ocked
06/ 28/ 2000 1FAE594773 NONE 495 1390 I 1.1 St ocked
07/ 18/ 2000 1F43686353 475 522 1540 M -2.4° St ocked
2 | =Indeterminate; M= Male; F = Fenal e

b These recapture were in Lake Powell, 4.1 and 2.4 niles downstream of the San

Juan Ri ver-Lake Powel| confl uence.
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Tabl e 12c. Razorback sucker collected fromthe San Juan River during sanpling
efforts for other studies in 2001.
Tot al Capture Wlid O
Date O PIT Tag Radi o | Length Wi ght Sex? Ri ver St ocked
Capt ure Nunber Freq. (m) (grans) Mle Fi sh
Captures by USFW5- Grand Junction in 2001 (n = 35):
04/ 19/ 2001 1F40447964 NONE 444 760 M 100. 2 St ocked
05/ 03/ 2001 5324111728 NONE 389 610 I 153. 8 St ocked
05/ 03/ 2001 5327681556 NONE 366 380 I 153. 8 St ocked
05/ 03/ 2001 5324092063 NONE 363 435 I 153.8 St ocked
05/ 03/ 2001 223F4E6841 NONE 393 575 I 153.8 St ocked
05/ 03/ 2001 53245C6849 NONE 347 400 I 152.0 St ocked
05/ 03/ 2001 5324577E3D NONE 372 550 I 148. 1 St ocked
05/ 03/ 2001 5324123E3D NONE 380 580 I 145.3 St ocked
05/ 04/ 2001 5326050D33 NONE 366 520 I 140.0 St ocked
05/ 04/ 2001 53241E7154 NONE 353 500 I 140.0 St ocked
05/ 04/ 2001 53254E7309 NONE 396 650 M 140.0 St ocked
05/ 04/ 2001 531A711B76 NONE 404 650 I 138.0 St ocked
05/ 04/ 2001 53261B3558 NONE 396 690 I 136. 2 St ocked
05/ 04/ 2001 416D4F3B55 NONE 451 965 M 130. 3 St ocked
05/ 04/ 2001 5324784972 NONE 387 560 I 130.1 St ocked
05/ 05/ 2001 1F4040075A NONE 501 1210 F 128.0 St ocked
05/ 05/ 2001 531C35164F NONE 380 580 I 128.0 St ocked
05/ 05/ 2001 420F365F58 751 477 1100 F 119.7 St ocked
05/ 06/ 2001 5325645E52 NONE 410 625 I 105.0 St ocked
05/ 06/ 2001 1F4361437A NONE 443 820 M 104. 2 St ocked
05/ 06/ 2001 1F732C5C7E NONE 482 990 M 100. 5 St ocked
05/ 06/ 2001 1F435F1728 NONE 498 1120 F 100. 3 St ocked
06/ 21/ 2001 5328656061 NONE 510 1290 F 149. 2 St ocked
06/ 21/ 2001 5326004514 NONE 356 565 I 149. 2 St ocked
| = Indeternmnate; M= Male; F = Fenal e




Tabl e 12c, continued. Razorback sucker collected fromthe San Juan River during
sanpling efforts for other studies in 2001.
Tot al Capture Wlid O
Date O PIT Tag Radi o | Length Wi ght Sex? Ri ver St ocked
Capt ure Nunber Freq. (m) (grans) Mle Fi sh
Captures by USFW5- Grand Junction in 2001 (n = 35), continued:
06/ 22/ 2001 531C417968 NONE 382 620 I 141. 7 St ocked
06/ 22/ 2001 53257F7548 NONE 391 605 I 140. 3 St ocked
06/ 22/ 2001 5324111728 NONE 389 630 I 136.0 St ocked
06/ 22/ 2001 5325504875 NONE 387 640 I 130.0 St ocked
06/ 23/ 2001 5325591360 NONE 362 510 I 118.0 St ocked
06/ 24/ 2001 203F4C3A1B NONE 483 1150 F 109. 6 St ocked
06/ 24/ 2001 53245B1240 NONE 379 590 I 108.0 St ocked
06/ 24/ 2001 1F413C3034 NONE 490 1050 F 104. 3 St ocked
06/ 24/ 2001 5327580D15 NONE 523 1200 F 104.0 St ocked
06/ 25/ 2001 512A685219 141 473 900 M 86.0 St ocked
06/ 25/ 2001 1F5B747C16 101 497 1040 F 85.4 St ocked
Capt ures by USFWS- Al buquerque in 2001 (n = 8):
02/ 21/ 2001 1F68210850 NONE 370 600 I 165.0 St ocked
03/ 14/ 2001 42401D0A49 NONE 357 500 I 164. 4 St ocked
03/ 14/ 2001 423D527B19 NONE 366 450 I 163. 2 St ocked
03/ 15/ 2001 42404D392E NONE 355 460 I 161. 4 St ocked
04/ 24/ 2001 7F7BOE2C1C NONE 386 620 I 164.6 St ocked
04/ 24/ 2001 1F72146873 NONE 359 480 I 164. 6 St ocked
07/ 10/ 2001 53255D3F33 NONE 465 960 M 163. 2 St ocked
08/ 15/ 2001 203F4C3A1B NONE 483 1000 F 160. 7 St ocked
Captures by MEC/ERI in 2001 (n = 1):
09/15/2001 | @ ----- b NONE 440 970 I 167.0 St ocked
I = Indetermnate; M= Male; F = Fenal e

These val ues were not available due to lack of a PIT tag reader
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Popul ati on Trends

Over time, it has becone apparent that razorback sucker stocked at > 300 mm
TL have a rmuch higher recapture (= survival) rate than fish stocked at smaller
sizes (Table 13). Between 1994 and 2002, razorback sucker stocked at > 300 mm TL
represented just 22.2%of all razorback sucker stocked through 2002 (n = 6,975).
However, fish stocked at > 300 mm TL accounted for 88.7% (150 of 169) of al
first-tinme recaptures through 2002 (Table 13). Even razorback sucker recaptured
fromlots of stocked fish that had nean TL’s < 300 mm at the tinme of stocking
(Table 10) tended to be the few individuals that were larger than their lot’'s
mean TL and usually > 300 mm TL at stocking. For this reason, beginning in 2001
the SJRI P decided to not stock razorback sucker < 300 mm TL.

In contrast to the marked increases in CPUE observed for stocked Col orado
pi kem nnow in 1997 and 1998 (Figure 5), CPUE for stocked razorback sucker
remained fairly | ow, but steady between 1996 and 2000 (Figure 6). However, in
2001 and then again in 2002, razorback sucker CPUE for both the spring razorback
sucker monitoring trip and the fall adult nonitoring trip were at the highest
val ues ever observed (Figure 6). Even though this value has renai ned under 1.0
fish per hour, CPUE for stocked razorback sucker has been consistently higher
over time than that for stocked Col orado pi kem nnow, especially when conpared to
overall nunbers of fish stocked for each species (razorback sucker = 6,975
stocked individuals through 2002 versus > one nillion Col orado pi kem nnow st ocked
t hrough 2002; Tables 4 and 10).

Tabl e 13. Nunbers, by size-class at time of stocking, of razorback sucker
stocked into the San Juan River between 1994 and 2002 and recaptured
as of 31 Decenber 2002. Note: This table is for first-tine
recaptures only.

O 169 Known-Origin

O 6975 Stocked Fish Recapt ur es

Tot al Percent of Tot al Tot al Percent of Tot al Tot a
Length Repr esent ed By Nunber Repr esent ed By Nunber
In mMm This Size-d ass St ocked This Size-d ass Caught
< 51 0. 0% 0 0. 0% 0
51-100 <0. 1% 1 0. 0% 0
101- 150 6. 7% 467 0. 0% 0
151- 200 40. 9% 2849 2. 4% 4
201- 250 27. 3% 1906 5. 9% 10
251- 300 2. 9% 199 3. 0% 5
301- 350 3.4% 235 6. 5% 11
351- 400 8. 0% 557 33. 1% 56
401- 450 9.1% 638 39. 6% 67
451-500 1.5% 107 6. 5% 11
>500 0.2% 16 3. 0% 5
Total s 100. 0% 6975 100. 0% 169
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Fi gure 6. Razorback sucker catch per unit effort (CPUE) on fall adult nonitoring trips and spring razorback

sucker nonitoring trips, 1995-2001
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Spawni ng Aggr egati ons

1997: A possi bl e spawni ng aggregati on of razorback sucker was encountered
just downstream of Aneth, UT on 3 May 1997 (Table 14, Figure 7; Ryden 2000d).

One mal e razorback sucker (397 mm TL, 692 g) was collected within a few yards
downstream of the McEl nb Creek confluence (RM 100.5), on river right by one of
two electrofishing rafts working in tandem Approximately three-tenths of a nmle
downstream of this location (RM 100.2), again on river right, three nore ripe
mael e razorback sucker (412-456 mm TL, 650-770 g) were captured in a single dip
net full of fish over a shoreline cobble shoal/run by the other electrofishing
raft. These three nale razorback sucker were captured in the nidst of an
aggregation of ripe, presumably spawni ng, flannel nouth sucker. Three other
razorback sucker were observed but not captured in this same aggregation of fish
O the four nal e razorback sucker that were recaptured at RM 100.5 and 100. 2,
three had originally been stocked at either Hogback Di version (RM 158.6) or

Bluff, UT (RM 79.6), and had converged near Aneth presunmably to spawn. A PIT tag
nurmber was not determ ned for the fourth fish, as the PIT tag reader quit working
after reading the PIT tag for the third fish. Therefore a stocking |location for
the last fish could not be deternmined. The ripe nale razorback sucker that was
recaptured at RM 100.5 was a radi o-tagged fish that had been | ocated at RM 129.9
in February 1997. One of the three nales captured at RM 100.2 was al so a radi o-
tagged fish that was |ast contacted at RM 93.8 on 22 Cctober 1996. Flows were
increasing in the river during the time these electrofishing collections were
made, indicating that these razorback sucker were spawni ng on the ascending Iinb
of the hydrograph as is seen in other Upper Colorado River Basin (UCRB) rivers
(Tyus 1987, Tyus and Karp 1989, USFW5 1998). Flows at the Shiprock, NM USGS gage
on 15 April 1997 were 1,390; 1,770 on 3 May; 5,580 on 15 May; and 8,050 on 31 May
1997.

1999: In April 1999, another suspected spawni ng aggregati on of razorback
sucker was docunented in literally the exact sane |ocation as the suspected 1997
spawni ng aggregation (Table 14, Figure 7; Ryden 2000c). ©On 16 April 1999, two
ripe mal e razorback sucker (438 and 509 mm TL) and one ripe female (565 mm TL)
razorback sucker were collected at RM 100.2 within a few feet of where the three
razorback sucker were collected on 3 May 1997. These three razorback sucker were
collected in the midst of numerous ripe adult, presumably spawning, flannel nouth
sucker, over an enbedded cobble substrate (shoreline run habitat), approximtely
5-10 feet fromthe river right bank in about 2-3 feet of water. These three
fish, all stocked on 18 Novenber 1994 had cone fromthree different stocking
sites (RM 158.6, 177.5, and 79.6). Flows at the Shiprock, NM USGS gage on 1
April 1999 were 1030 CFS; 1010 CFS on 16 April; 1940 on 1 May; and 2590 on 15 May
1999. As in May 1997, the increasing flows in the river during the general tine
frame in which these el ectrofishing collections were nade, indicates that these
razor back sucker were spawni ng on the ascending linb of the hydrograph as is seen
in other Upper Col orado River Basin (UCRB) rivers (Tyus 1987, Tyus and Karp 1989,
USFW5 1998) .

2001: No razorback sucker were collected via electrofishing during the
suspected 2001 spawni ng season (i.e., April-May). However, during a radio-
tracking trip on 19 April 2001, four razorback sucker were contacted in very
close proximty to one another fromRM 100.2 to 100.0. Two of these fish (radio
tag nunbers 40.831 {nal e} and 40.811 {fenal e}) had been captured on 3 Cctober
2000 at RM 100.5 (510 and 508 mm TL, respectively) within a few feet of one
anot her and inplanted with radio tags (Ryden 2001b). These two fish had remai ned
between RM 100. 0 and 100.2 continuously since that date, often being contacted
within a few feet of each other. On 19 April 2001, 40.831 (rmale) was at RM 100.0
and 40.811 (fenale) was at RM 100.2. Although these two fish were not together
on this occasion, another radio-tagged mal e razorback sucker (40.820) was within
a foot or two of 40.811 (Table 14, Figure 7). This male, 40.820 (inplanted 4
Cct ober 2000 at RM 77.0, 422 mm TL; Ryden 2001b), had been contacted at RM 77.4
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Table 14. Details about individual razorback sucker that have been recaptured (via el ectrofishing or
tramrel -netting) or contacted (via radio telenetry) in suspected spawni ng aggregati ons in spring
1997, 1999, 2001, and 2002. |Information presented below on total |ength, weight, and sex was
determned at tinme of recapture unless otherw se noted.

RM Tot al RM Fi sh Year - d ass
Recapt ur ed PIT Tag Length | Wi ght Sex? Days Since | Date Stocked Was & (Age At
At Nunber (inm) | (in Q) St ocki ng St ocked At Recapt ure)

Suspect ed Spawni ng Aggregation On 3 May 1997: (NOTE -- 3 other razorbacks were seen, but not coll ected)

100.5 TF7D17641A 397 692 Male, tb 212 10/ 03/ 1996 158. 6 1992 (5)
100. 2 1F4031135D 412 650 Mal e, tb/r 897 11/ 18/ 1994 79.6 1992 (5)
100. 2 1F5B684A54 452 770 Mal e, tb/r 603 09/ 27/ 1995 158. 6 1992 (5)
100. 2 unknown® 456 750 Mal e, tb/r unknown unknown unknown unknown

Suspect ed Spawni ng Aggregation On 16 April 1999:

100. 2 1F74362314 565 1650 Femal e, r 1610 11/18/ 1994 79.6 1992 (7)
100. 2 1F435D1C25 509 1300 Mal e, tb/r 1610 11/ 18/ 1994 117.5 1992 (7)
100. 2 1F40464E0D 438 790 Mal e, tb/r 1610 11/18/ 1994 158.6 1992 (7)

Suspect ed Spawni ng Aggregation On 19 April 2001:

100. 2 1F40447964 444 760 Mal e, tb/r 2344 11/18/ 1994 79.6 1992 (9)
100. 2 42131C4420 508¢ 1400¢ Femal e° 1308 09/ 19/ 1997 158. 6 1996 (5)
100. 2 1F743D161A 422¢ 1800¢ Mal ed 2344 11/18/ 1994 117.5 1992 (9)
100.0 1F43597253 510¢ 1400¢ Mal e® 2344 11/18/ 1994 158. 6 1992 (9)

a: tb = tuberculate, r =ripe (i.e., freely expressing mlt or eggs)

b: The PIT tag reader quit working before a PIT tag nunber could be obtained for this fish. Therefore, several

pi eces of information about this fish could not be determ ned.
C: These two fish were contacted via radio telenmetry on 19 April 2001, but not physically recaptured and

exam ned. Therefore, the information presented here for total |ength, weight, and sex, was that obtained at
the time of radio tag inplantation on 3 Cctober 2001 at RM 100. 0.
d: Sane as “c:” above, except this fish was inplanted on 4 October 2001 at RM 77.0.
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Tabl e 14,

conti nued.

Det ai | s about individual razorback sucker that
el ectrofishing or trammel -netting) or
spawni ng aggregations in spring 1997, 1999, 2001
bel ow on total |ength, weight,

ot herw se not ed.

and 2002.
and sex was determ ned at tine of

have been recaptured (via
contacted (via radio telenetry)
I nformati on presented
recapture unl ess

i n suspected

RM Tot al RM Fi sh Year - d ass
Recapt ured PIT Tag Length | Wi ght Sex? Days Since | Date Stocked Was & (Age At
At Nurnber (innm | (in @) St ocki ng St ocked At Recapt ur e)
Suspect ed Spawni ng Aggregation On 18 April 2002: (docunented by UDWR s nonnative fish renpval crews)
18.0 512A724849 480 1100 Mal e, tb/r 1282 10/ 14/ 1998 158. 6 1997 (5)
17.9 1F414E3E14 487 1150 Mal e, tb/r 2708 11/ 18/ 1994 79.6 1992 (10)
17.8 1F750B7869¢ 505 1275 Male, tb/r unknown unknown unknown unknown
17.8 203E3F3C27 495 1125 Mal e, tb/r 1421 05/ 28/ 1998 158. 6 1993 (9)
17.8 42151C0F23 500 1150 unknown 1688 09/ 03/ 1997 158. 6 1996 (6)
17.5 423F635449 478 1175 Mal e, tb/r 170 10/ 30/ 2001 158.6 1999 (3)

No PIT tag could be detected in this fish
PIT tag was inplanted in this fish before it was returned to the river.
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SPAWNING AGGREGATIONS OF RAZORBACK SUCKER IN
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Figure 7. Suspect ed spawni ng aggregati ons of razorback sucker at RM 100.2 in the San Juan River in the

spring of 1997, 1999, and 2001
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on 12 March 2001 and woul d be contacted at RM 77.4 again on 7 May 2001, 18
days after this contact. This pair (40.811 and 40.820) were about six feet
fromthe river left shoreline, in run habitat, over a clean cobbl e/gravel
substrate. Water depth was 1.9 feet, nean water columm velocity was 1.3
ft/sec (bottomvelocity = 0.7 ft/sec), and water tenperature was 16.0°C at
1215. This was the same exact |ocation that groups of ripe, presumably
spawni ng razorback sucker had been collected fromin 1997 and 1999. A
tramel net was drifted along the shoreline at RM 100.2 to try to recapture
the radi o-tagged fish (40.811 and 40.820). Al though neither of these two
fish was recaptured, another ripe male (444 mm TL) razorback sucker (no radio
tag) was captured. Al four of the razorback sucker had come fromdifferent
stocking tines or locations (Figure 7). Two radio-tagged fish (40.820 and
40.831) and the fish recaptured in the tramel net (i.e., all three male
fish) had all been stocked on 18 Novenber 1994, but at three different
stocking sites (RM 117.5, 158.6, and 79.6, respectively). The female
(40.811) had been stocked on 19 Septenber 1997 at RM 158.6. Flows at the
Shi prock gage on 10 April 2001 were 1100 CFS, on 19 April were 1490 CFS, on
30 April were 2730 CFS, and on 15 May were 4680 CFS, indicating that spawni ng
was taking place on the ascending |linb of the hydrograph

So, as in past years (i.e., 1997 and 1999), razorback sucker collected
at this site were conposed of many different individuals fromdifferent
stocking sites and tinmes, sone of which had until recently occupied different
areas of the river and noved to RM 100.2 for a short-terminterval, while
others occupied this site for many nonths. Also, as in past years, ripe male
razor back sucker collected outnunbered ripe femal es and these suspected
spawni ng aggregati on occurred on the ascending linb of the hydrograph

2002: In 2002, a suspected spawni ng aggregation of razorback sucker
were collected by the UDAR in the | ower San Juan River adjacent to Slickhorn
Canyon (Table 14). A total of six razorback sucker were collected from RM
18.0-17.5 on 18 April 2002. An indeterm nate number of other razorback
sucker were also sited but not collected. Five of these six fish were ripe
mal es, the sex was not determ ned for the sixth fish. One of the six fish
did not have a PIT tag detectabl e upon capture, but was inplanted with one
before its release. The razorback sucker collected fromthis aggregation
represented a wi de range of age-classes (age-3 to age-10). Al but one were
first-time recaptures - PIT tag nunber 1F414E3E14 had been recaptured once
before at RM 86.3 on 17 April 1999.
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Roundtail Chub

1999- 2001 Collections

1999: Two wild roundtail chub juveniles were collected during the 1999
adult monitoring trip, one at RM 118.0 and one at RM 25.0 (Table 15). The

i ndi vidual collected at RM 25.0 (134 mm TL) represents the farthest
downstream a roundtail chub has ever been collected during an adult
nonitoring trip (Table 15; Ryden 2000b).

Four additional wild roundtail chub were collected in 1999 during
sanpling for other studies, fromRM 153.0-116.1 (Table 16). Only one of
these four fish (346 mm TL) was an adult (Table 16).

2000: No roundtail chub were collected during 2000, either on adult
monitoring trips or on sanpling trips for other studies (Ryden 2001a).

2001: No roundtail chub were collected during the 2001 adult nonitoring
trip. However, four wild roundtail chub were collected during sanpling for
other studies, fromRM 164.0-87.0 (Table 15). Again, only one of these four
fish (369 mMmm TL) was an adult (Table 16).

Popul ati on Trends

Roundtail chub, a state-listed endangered species in both New Mexico and
Ut ah, continues to be the nbost rarely-collected of the three rare fish
species that reside in the San Juan River. Based on plots of 187 i ndividua
roundtail chub collections between 1987 and 2001, collections of roundtai
chub tend to be concentrated nostly in areas downstream of the LaPlata and
Mancos river confluences (Figure 8, SIRIP Integrated Database). These two
rivers and the Aninmas River, are the only three of the San Juan's tributaries
that are known to have resident popul ations of roundtail chub (MIler and
Rees 2000). The large najority of the 187 roundtail chub collections between
1987 and 2001 consisted of subadult fish (Figure 8).

Since 1991, a total of 25 roundtail chub (TL range = 116-414 nmm have
been inplanted with PIT tags (SJRIP Integrated Database). O these 25, only
two individuals have been recaptured a second tine after their initia
capture and release. One individual (PIT tag nunmber 7F7D142D70, TL = 278
mm), of indeterm nate sex, was originally collected on 13 May 1992 at RM
147.9 and was recaptured |later the same year at RM 137.7 on 8 Cctober 1992
(294 nm TL; Ryden and Pfeifer 1993). The second individual (PIT tag nunber
1F6D185B01, TL = 414 mm, a fermale, was originally collected on 15 April 1996
at RM 131.3 and was recaptured again on 5 May 1998 at RM 133.4 (414 mm TL
Ryden 2000a, 2000c).

The dearth of adult roundtail chub in the San Juan River, conmbined with
a lack of recaptures anong Pl T-tagged fish over tine, and the fact that nost
roundtail chub captures in the mainstem San Juan River occur downstream of
major tributaries known to have resident popul ations of roundtail chub, would
seemto argue that the roundtail chub being collected in the nai nstem San
Juan are transient nenbers of the fish community at best. It seens plausible
that roundtail chub collected in the mainstem San Juan River get flushed out
of tributaries during high flow events and either perish or nove up- or
downstream out of the mainstemriver fairly quickly after entering it.
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Tabl e 15. Roundtail chub collected fromthe San Juan R ver on the 1999
adult nmonitoring trip.
Tot al Capture | Wid O
Date O PIT Tag Radi o | Length | Wi ght Sex? Ri ver St ocked
Capt ure Nurnber Freq. (mm (grans) Mle Fi sh
Fall 1999 Adult Monitoring Trip (n = 2):
09/ 29/ 1999 NONE NONE 195 100 I 118.0 wid
10/ 05/ 1999 5124744920 NONE 134 28 I 25.0 wid
| = Indeterninate; M= Male; F = Fenal e

Tabl e 16. Roundtail chub collected fromthe San Juan River during sanpling
efforts for other studies in 1999 and 2001.
Tot al Capture | Wid O
Date O PIT Tag Radi o | Length | Wi ght Sex? Ri ver St ocked
Capture Nunber Freq. (m) (grans) Mle Fi sh
1999:
Captures by USFWS-Grand Junction in 1999 (n = 2):
04/ 12/ 1999 51365B4108 NONE 346 420 I 153.0 Wild
04/ 12/ 1999 223F71510A NONE 116 13 I 147.0 wWid
Captures by NMGF-Santa Fe in 1999 (n = 2):

09/ 29/ 1999 NONE NONE 84 5 [ 116. 4 Wid
09/ 29/ 1999 NONE NONE 147 30 I 116.1 Wild
2001:

Captures by USFWS-Grand Junction in 2001 (n = 3):

05/ 05/ 2001 NONE NONE 227 160 I 128.0 Wld

05/ 07/ 2001 NONE NONE 206 75 I 87.0 wWild

06/ 25/ 2001 7F7BOD3B00 NONE 174 50 I 98. 8 wid

Captures by USFWE- Al buquerque in 2001 (n = 1):

09/ 11/ 2001 7F7B0OD3356 NONE 369 530 [ 164.0 Wid
| = Indeternminate; M= Male; F = Fenale
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of the San Juan River, 1987-2001 (bottom.

asterisks by their names are those known to have resi dent
popul ati ons of roundtail chub (MIler and Rees 2000).
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Commpbn Native Fi shes

FI annel nout h Sucker

Catch Per Unit Effort (CPUE)

Fl annel nout h sucker continue to be the nbst comon | arge-bodied fish
collected riverwide during adult nonitoring trips (Table 3; Ryden 2000a,
2000b, 200l1a). While nunmbers of this fish have fluctuated both riverw de and
i n individual geonorphic reaches over the years, flannel nouth sucker have
remai ned nunerically dom nant in both overall nunbers of specinens collected
and in frequency of occurrence in electrofishing sanples (Table 3, Ryden
2000a, 2000b, 2001a). In four of the last six years (1996 and 1999-2001),
flannel mouth sucker CPUE for all |ife stages conbined riverw de has remai ned
relatively stable (i.e., between 63 and 71 fish per hour of electrofishing) -
- the two exceptions to this were 1997 (due to | ower than usual nunbers of
adult fish) and 1998 (due to | ower than usual nunbers of juvenile fish;
Figure 9). Statistical matrices conparing between-year CPUE val ues of
fl annel nout h sucker, both riverw de and for individual geonorphic reaches,
are presented in Appendi x A

Fl annel nout h sucker occur throughout Reach 6, both up- and downstream of
all the various major and minor water diversion structures, including PNM
Weir (RM 166.6; Ryden 2000a, 2000b, 200l1a). Between 1996 and 2001, tota
CPUE for flannel mouth sucker in Reach 6 remained relatively constant, with
exceptions of 1999 and 2000 (Figure 10). Total CPUE for flannel nouth sucker
in 1999 was significantly higher when conpared to previous years and 2001
due to an increase in CPUE anong adult fish (Table A2b, Figure 10). Then in
2000, total CPUE for flannel nobuth sucker rose again significantly to the
hi ghest val ue ever recorded for this species in any river reach or year since
our studies began in 1991 (Table A2c, Figure 10). This was due to the
enor nous nunber of juvenile flannel nouth sucker collected in Reach 6 in 2000,
the majority of which were collected upstreamof the PNM Wir (Ryden 2001a).

The flannel nout h sucker popul ation in Reach 5 has denonstrated the npst
dramatic shift in total CPUE observed for this species since our studies
began in 1991 (Figure 10). The significant decline in total CPUE between
1992 and 1997 led to sone concern that the flannel nouth sucker popul ati on was
in a long-termdecline (Tabl es A3a-A3c, Figure 10; Ryden 2000a). However,
bet ween 1997 and 2001, flannel mouth sucker total CPUE increased again
significantly, with this increase occurring both in juvenile and adult life
stages (Tabl es A3a-A3c, Figure 10).

Fl annel nout h sucker total CPUE in Reach 4 denobnstrated a decline between
1992 and 1997 that was very sinmilar to that observed in Reach 5 i medi ately
upstream (Figure 11). However, |like Reach 5, total CPUE in Reach 4 increased
significantly between 1997 and 1999 and has renmined relatively stable since
that time (Table Adc, Figure 11).

In Reach 3 (and adj oi ni ng Reach 2 downstreamnm), juvenile fish becone the
nunerically dominant |ife stage in the flannel mouth sucker popul ation (Figure
11). In Reach 3, there was also a decline in total CPUE between 1992 and
1998 in the case of this reach (Figure 11). However, unlike upstreamin
Reaches 5 and 4, total CPUE has not risen again significantly since its | ow
in 1998 (Table A5c, Figure 11).

Starting in Reach 6 and proceedi ng downstreamto Reach 2, there is a
generally declining trend in total CPUE for flannel nouth sucker (Figures 10-
12). In addition, Reach 2 is the nost downstreamreach in which flannel nouth
sucker are regularly collected in any kind of appreciable nunmbers. Like
Reach 3 directly upstream the flannel mouth sucker population in Reach 2 is
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nunerically dominated by juvenile fish, but to an even greater degree than in
Reach 3 (Figure 12). Therefore, total CPUE values in Reach 2 tend to track
those of juvenile fish nmuch nore closely than those of adult fish. The
overall trend for flannel nouth sucker total CPUE in Reach 2 between 1995 and
2001 has been a steady decline (Figure 12).

Fl annel nout h sucker are much nore rare in electrofishing collections in
Reach 1, relative to CPUE val ues for nore upstreamreaches (Figures 10-12).
It is intriguing that even though flannel mouth sucker have al ways been | ess
comon in Reach 1 than in other upstreamreaches, they were markedly nore
abundant in Reach 1 before the waterfall at RM 0.0 becane inundated in spring
1995 (Figure 12). The inundation of this waterfall allowed predatory fishes
i nhabiting Lake Powell (e.g., striped bass and wal |l eye) unhi ndered access to
the I ower San Juan River (Ryden 2000a).

Lengt h Frequency And Mean Total Length

Hi st ograns of fl annel nouth sucker |ength-frequency distributions
riverwi de between 1996 and 2001 show a trend towards this popul ati on beconi ng
i ncreasingly dominated by adult fish (i.e., > 410 mm TL) between 1996 and
1999 with over half of all flannel nouth sucker neasured in 1999 bei ng between
376 and 475 nm TL 1999 (Figure 13). During October 2000 sanpling, there was
a large influx of small (76-100 mm TL, assuned to be age-0) flannel nouth
sucker, causing the |ength-frequency of the flannel nouth sucker population to
beconme strongly binbdal in 2000 and 2001 (Figure 13). It appears as though
snmal | flannel mouth sucker (76-100 mm TL) fromthe Cctober 2000 | ength-
frequency hi stogram had grown approxi mately 150 nm by October 2001 (Figure
7). Looking at the rate of growth anmong young flannel nouth sucker in 2000
and 2001 (Figure 13) and interpolating what their total |engths nmight be in
one to two years (i.e., assunmng these fish will have an approxi nate nean TL
of 301-325 mm at age-2 or age-3), one could reasonably argue that the group
of flannel nouth sucker centered around the 301-325 nm TL mark in the 1996
| engt h-frequency histogram (Figure 13) were age-2 to age-3 fish that were
spawned in 1993 or 1994.

As was evidenced by the I ength-frequency histograns, flannel nouth sucker
nmean TL values riverwide (for all |ife stages comnbi ned) increased
significantly between 1996 and 1999 (Table A8, Figure 14). Mean TL for
fl annel nout h sucker then dropped significantly riverwide in 2000 due to the
large influx of age-0 juveniles (Table A8, Figure 14). The increase in mean
TL of flannel mouth sucker riverw de between 2000 and 2001 (Figure 14), tracks
right along with the 2000 year-class attaining |arger sizes and beginning to
recruit (Figure 13).

Fromreach to reach, flannel nouth sucker nean TL varied greatly (Figure
15). Notable anpng trends for nean TL is the significant drop in Reach 6
bet ween 1999 and 2000, caused by the large influx of age-0 fish, nostly
upstream of the PNM Weir at RM 166.6 (Table A9, Figure 15; Ryden 2001a).

Al so notable is the strongly increasing (though not significant) trend of
flannel mouth sucker mean TL in Reach 1, adjacent to Lake Powell, between 1993
and 2001 (Table Al4, Figure 15). Like the decrease in total CPUE observed
for flannel nouth sucker in Reach 1 after 1995 (Figure 12), this rise in nean
TL in Reach 1 could very easily be attributable to predatory fishes from Lake
Powel | entering the lower river and elimnating smaller size-classes of

fl annel nout h sucker through predation
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Bi onmass

Ri verwi de, mean bi omass of fl annel nouth sucker increased significantly
bet ween 1997 and 1999, then dropped significantly to its | owest observed
val ue in 2000, before rising slightly again in 2001 (Table Al5, Figure 16).
This tracks very well with values for nean TL, which show the sane pattern
(Figure 14). Fl annel mouth sucker nean bi omass fluctuated dependi ng upon the
reach, but again, generally tracked very well with values for nean TL
(Figures 15 and 17). Once again, the significant decline in nmean bi omass
observed in Reach 6 in 2000 can be explained by the influx of nunerous age-0
fish in Reach 6 upstream of PNM Weir (Table A16, Figures 10, 15, and 17).
Li kewi se, the significant increase in nean biomass in Reach 1 (Table A21,
Figure 17) adjacent to Lake Powel| corresponds to fewer (Figure 12) and
bi gger fish (Figure 15) being collected in this Reach after the inundation of
the waterfall at RM 0.O0.

Pl ots of flannel mouth sucker biomass collected per hour of
el ectrofishing indicate that the large mgjority of flannel mouth sucker
bi omass in the San Juan River occurs in Reaches 6-4 (Figure 17). It also
shows that bionass per hour of electrofishing declines in each successive
downstream reach, practically disappearing by Reach 1 (Figure 17).

Condi ti on Fact or

Wth the exception of 1997 (i.e., the year of |owest CPUE anpbng
fl annel mout h sucker riverw de), flannel mouth sucker condition factor
riverw de increased slightly between 1996 and 2001 (Figure 18). This sane
trend of a gradual increase in condition factor over tinme was al so apparent
in Reaches 5-1 (Figure 19). This increase in condition factor over tine was
somewhat nore nmarked in Reaches 5 and 1 (Figure 19). Reach 6 did not have a
clearly discernable trend in condition factor over time (Figure 19).
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on fall adult
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Bl uehead sucker

Catch Per Unit Effort (CPUE)

Over the | ast several years, bluehead sucker have been the second nost
commonl y-col | ected native fish and the third most commonl y-coll ected | arge-
bodi ed fish overall (follow ng flannel mouth sucker and channel catfi sh)
during the adult nonitoring study (Table 3). Riverw de, bluehead sucker
total CPUE has renmained relatively stable (i.e., between 13 and 24 fish per
hour of electrofishing) with one exception, 1999 (Figure 20). Only 1999
total CPUE val ues were significantly different fromany other year and then
only because of increased nunbers of adult fish collected in Reach 6 during
that year (Table A29c, Figures 20 and 21). Statistical natrices conparing
bet ween-year CPUE val ues of bl uehead sucker, both riverw de and for
i ndi vi dual geonorphi c reaches, are presented in Appendix A

The San Juan River bl uehead sucker population, within our study area, is
largely centered in Reach 6 and the upstream portion of Reach 5 (Figures 21-
23). In fact, in Reach 6, bluehead sucker are often the nmpost conmon | arge-
bodi ed fish species collected. |In Reach 6 there was a significant increase
in the number of juvenile fish collected in both 1999 and 2000 (Tabl e A30a,
Figure 21). In 2000 this large influx of young fish occurred al nost
excl usively upstreamof the PNM Wir (RM 166.6; Ryden 200l1a). These two
years of high juvenile CPUE combined with a high adult CPUE in Reach 6 in
1999, led to Reach 6 having the two hi ghest CPUE totals ever observed for
this species in any reach or year. Between 2000 and 2001 there have been
significant decreases in both adult and juvenile CPUE in Reach 6 (Table A30a
and A30b, Figure 21). However, it appears likely that the juvenile fish
observed in Reach 6 in 2000 have noved into downstreamriver reaches and are
responsi ble for the highest juvenile CPUEs ever recorded in Reaches 4, 3, and
2 in 2001 (Figures 21-23).

Though not as dramatic as the decline in total CPUE observed anobng
fl annel nout h sucker, bluehead sucker al so had been reported as having a
declining total CPUE in Reaches 5, 4, and 3 between 1992 and 1997 (Ryden
2000a). That conclusion was based | argely on an observed decline in bl uehead
sucker total CPUE in Reach 5 (Reach 6 was not included in the previous
anal ysis) between 1992 and 1997 (Figure 21). Wthout the Reach 6 data
i ncluded in the previous anal ysis (Ryden 2000a), the decline that occurred in
Reach 5 (and to a | esser extent in Reaches 4 and 3) appeared to be nore
important to the entire San Juan River popul ation bl uehead than it probably
was (Figures 21 and 22).

Li ke flannel mouth sucker, bluehead sucker CPUE declines noticeably in
each conti guous downstreamreach (Figures 21-23). By Reach 2, bluehead
sucker have becone relatively rare in sanples and before Reach 1, they
di sappear fromfish collections altogether (Figure 23). No bluehead sucker
of any life stage were collected in Reach 1 during the period 1991-2001

Lengt h Frequency And Mean Total Length

Hi st ograns of bl uehead sucker |ength-frequency distributions riverw de
bet ween 1996 and 1999 show a fairly stable trend with sanpl ed popul ations
bei ng centered around the 301-325 nm TL si ze-cl ass from 1996-1998 and
shifting upwards slightly to being centered around the 326-350 mm TL si ze-
class in 1999 (Figure 24). Then, much |ike what was observed in flannel nouth
sucker, there was a large influx of small (76-100 mm TL, assuned to be age-0)
bl uehead sucker in Reach 6 in 2000 (nostly upstream of the PNM Wir at RM
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FISH PER HOUR OF ELECTROFISHING

Fi gure 20.
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0.0) on fall adult monitoring trips, 1996-2001 for juvenile fish
(< 300 M TL; top), adult fish (> 300 nm TL; nmiddle), and for al

life stages conbined (juveniles + adults; botton). Error bars
represent the standard error val ues.
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Figure 21. Bluehead sucker catch per unit effort (CPUE) in Reach 6 and Reach

5 on fall adult nonitoring trips for juvenile fish (< 300 mm TL;
top), adult fish (> 300 nm TL; middle), and for all life stages
conbined (juveniles + adults; bottom). Error bars represent the

standard error val ues.
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standard error val ues.
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Figure 22. Bluehead sucker catch per unit effort (CPUE) in Reach 4 and Reach
3 on fall adult nmonitoring trips for juvenile fish (< 300 mm TL;
top), adult fish (> 300 nm TL; middle), and for all life stages
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Figure 23. Bluehead sucker catch per unit effort (CPUE) in Reach 2 and Reach
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166. 6; Ryden 200l1a), causing the |ength-frequency of the bluehead sucker
popul ation to becone strongly binodal in 2000 (Figure 24). In 2001, the
bl uehead sucker popul ation was |argely centered around the 176-200 mm TL
size-class (Figure 24). It appears as though small bluehead sucker (76-100
nm TL) fromthe October 2000 | ength-frequency histogram had grown
approxi nately 100 mm by Cct ober 2001 (Fi gure 24).

Wth the large influxes of young fish, bluehead sucker nean TL val ues
(for all life stages conbi ned) dropped significantly riverw de between 1999
and 2000 and significantly again between 2000 and 2001 (Table A35, Figure
25). Riverwi de, bluehead sucker nean TL values in 2001 were |lower than in
any of the five preceding years (i.e., 1996-2000; Table A35, Figure 25). In
Reaches 4-2, bl uehead sucker mean TL dropped significantly between 1999 and
2001 (Tabl es A38- A40, Figure 26) as young bluehead sucker originating from
Reach 6 (Figure 21) dispersed downstream and col oni zed those river reaches
(Figures 22-23).

Bi onmss

As the bl uehead sucker popul ati on became doni nated by | arger adult fish
in 1998 and 1999 (Figure 24) and nean TL riverwi de rose to its highest
observed | evel s (Figure 25), nean biomass followed suit, reaching its highest
observed level in 1998 (Figure 27). Then, like nean TL, nean bi omass dropped
significantly to the | evels observed in 2001 as juvenile fish spread
riverwi de and becane nore promnent in electrofishing collections (Table A41,
Figure 27). Again, the influx of smaller fish into Reach 6 in 1999 and 2000
and Reaches 4-2 in 2001 caused correspondi ng drops in nean bi omass (Figure
28).

As bl uehead sucker CPUE reached its highs in 1999 and 2000 (Figures 20
and 21), bluehead sucker bionass per hour of electrofishing also peaked, as
woul d be expected (Figure 27). Plots of bluehead sucker bionmass coll ected
per hour of electrofishing indicate that the vast majority of bluehead sucker
bi omass in the San Juan River occurs in Reaches 6 and 5, rapidly dimnishing
i n downstream reaches, al nost disappearing in Reach 2 and being conpletely
absent in Reach 1 adjacent to Lake Powel| (Figure 28).

Condi ti on Fact or

Ri verw de, bl uehead sucker nean condition factor showed a distinct
yearly pattern of significant increases followed by significant declines
until 2001, when mean condition factor increased for the second year in a row
(Table A47, Figure 29). The riverw de pattern of bluehead sucker nean
condition factor very closely resenbled that for Reach 6, where the nmgjority
of bluehead sucker are located (Figures 29 and 30). Anbng reaches, bl uehead
sucker mean condition factor showed very few clear-cut trends, but there was
a trend of generally decreasing nmean condition factor in Reaches 5-3 between
1991 and 1997 (Figure 30). This trend reversed itself and generally
increased in these three reaches between 1997 and 2001 (Figure 30).
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Figure 27. Mean biomass (line = weight in grans) and bi onass per hour of electrofishing (bars = weight in
kg) for bluehead sucker riverwide (RM 180.0-0.0) on fall adult nmonitoring trips, 1996-2001
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fall adult nonitoring trips in the San Juan River. Error bars

represent the standard error val ues.
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Common Nonnati ve Fi shes

Channel Catfish

Catch Per Unit Effort (CPUE)

Channel catfish are the nost conmon nonnative fish collected on adult
nonitoring trips (Table 3). Channel catfish are ubiquitous, being collected
in a nyriad of habitat types (pers. obs.) and occasionally being collected in
nore individual electrofishing sanples than even flannel nouth sucker (Table
3). Riverwide, total CPUE for channel catfish has risen significantly since
1998 (Table A53c, Figure 31). This increase has been predom nantly caused by
an increase in juvenile fish riverw de, although adult channel catfish CPUE
riverwide has also risen slightly every year since 1997 (Figure 31). Anpng
reaches trends in channel CPUE have been hard to discern at best. This has
been due to very pronounced fluctuations in CPUE, especially anbng juvenile
channel catfish. However, CPUE for both juvenile and adult channel catfish
has been increasing steadily in Reach 5 since 1994 (Figure 32). This is
Iikely conplicating nonnative renoval efforts in adjacent Reach 6 upstream
since there are nore than enough channel catfish in Reach 5 to recol oni ze
| ower Reach 6 (i.e., downstream of PNM Weir, RM 166.6-155.0) on a regul ar
basis after its resident channel catfish are mechanically renoved. Upstream
noverment of channel catfish fromthe upstreamend of Reach 5 into Reach 6 has
been docurented (J. Davis pers. comm). Although harder to discern, there
has been an upward trend in CPUE anpbng juvenile channel catfish in Reaches 4,
3, and 2 and since the nmid- to late 1990's dependi ng upon the reach (Figures
33 and 34). Channel catfish are the second nost conmonly-collected |arge-
bodi ed fish in Reach 1, adjacent to Lake Powel |, after conmon carp (conpare
Figures 12, 23, 34, and 45). Statistical matrices conparing between-year
CPUE val ues of channel catfish, both riverw de and for individual geonorphic
reaches, are presented in Appendi x A

Lengt h Frequency And Mean Total Length

As was the case with channel catfish CPUE, identifying clear-cut
patterns in channel catfish |ength-frequency histogranms is difficult. 1In
1996, the San Juan River channel catfish population was centered around the
301-325 mm TL si ze-class (Figure 35). However, channel catfish > 425 nm TL
were regularly collected. By 1999, the channel catfish popul ation had
shifted to being centered around snaller size-classes and nany fewer fish >
425 mm TL were being collected (Figure 35). Unlike native flannel nouth
sucker and bl uehead sucker and nonnative conmon carp, |arge nunbers of age-0
channel catfish were not observed in 2000 collections (Figure 35). However,
in 2001 the dominant size-class for channel catfish was 126-150 mm TL (Fi gure
35). These fish were likely spawned late in 2000, but were too snmall to be
collected in the fall 2000 adult nonitoring sanples via electrofishing, thus
it appears that channel catfish had as successful a reproductive year in 2000
as did the other three comon, |arge-bodied fishes. The paucity of channe
catfish > 425 nm TL in 1999-2001 coll ecti ons woul d seemto indicate that
nonnative fish removal is successful in decreasing the nunbers of |arge size-
cl ass channel catfish in the San Juan River.

-69-



Fi gure 31.

w P D ~
o (¢ o (¢}

—_

w A (o] ~

—_

w H (2] ~
()]

FISH PER HOUR OF ELECTROFISHING

—

CHANNEL CATFISH
CPUE RIVERWIDE
| Rm1800-00
FALL TRIPS
JUVENILES
777777777777777777777777777777777 i = » =
// =
5 ,,,,Z!;,::,,;:7,,,,,,,,,,,,,/,74 *****************************
0
O N~ [c0] (2] o oy
D (2] (2] D o o
(o)) ()] ()] (o)) o o
5 ~ ~ ~ ~ AN AN
CHANNEL CATFISH
CPUE RIVERWIDE
o -R™Mm180000 ]
FALL TRIPS
ADULTS
5 ,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,
0 ,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,
5 ”’”"”"”’”’”’”’”"”’”’”’”””””””’:?Z’i””
- I S T ) "
”!77777777777,,,,- I 1
0
© N~ 0 (2] o ~
(2] (2] (2] (2] o o
o)) ()] ()] ()] o o
5 ~ ~ ~ ~ N N
CHANNEL CATFISH
CPUE RIVERWIDE
o -R™M180000 ]
FALL TRIPS
ALL LIFE STAGES COMBINED
0 ,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,
=
5 ,,,,,,,,,,,,, ;!,Zi ==Y ___________
0
(] N~ 0] (2] o oy
(2] (2] (2] (2] o o
()] ()] (o)) ()] o o
~ ~ ~ ~ AN (9]

Channel catfish catch per unit effort (CPUE) riverw de (RM 180. 0-
0.0) on fall adult nonitoring trips, 1996-2001 for juvenile fish
(< 300 M TL; top), adult fish (> 300 nm TL; middle), and for al
life stages conbined (juveniles + adults; botton). Error bars
represent the standard error val ues.

-70-



FISH PER HOUR OF ELECTROFISHING

75

D
o

45

30

15

75

60

45

30

15

75

60

75
CHANNEL CATFISH CHANNEL CATFISH
JUVENILES JUVENILES
| CPUEONFALLTRIPS g0 | CPUEONFALLTRIPS
REACH 6: RM 180.0-155.0 REACH 5: RM 155.0-131.0
,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,, 45 - - — - — - — - - - - -
,,,,,,,,,,,,,,,,,,,,,,,,,,,, AN
7777777777777777777777777777777777 30 X
\
_ \
—————————————————————————————————— 15*****************1;**** ********I*
I A !

5 3 8 3 8 8 5 8 2 8 5 5 38 3 8 85 8 3 8 3
e 2 2 2 2 2 2 2 2 g g e R R 2 228N
75

CHANNEL CATFISH CHANNEL CATFISH
ADULTS ADULTS
L CPUEONFALLTRIPS go | CPUEONFALLTRIPS
REACH 6: RM 180.0-155.0 REACH 5: RM 155.0-131.0
,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,, 45,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,
,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,, 30,,,,,,,,,,,,,,,,,,,,,,,,,,,,,
! /
\ /
,,,,,,,,,,,,,,,,,,, \—- — — — L - ~__ L ____\¥_______
N 15 I/L
\ -
. !
~ N [s2] < "od © N~ (<o) [©] o -~ hy N [s2] < 0 © ~ [oe] (o] o -
(2] (o] [ (o] (%] (o)) (o] (o] (o] o o [*] (&} (o] (9] [*] (%] (%] (o] (9] o o
(&2} (o2} (&2} (o2} (&2} (o2} (=2 D (=2 o o (&2} (o2} (o2} (&2} (o2} (&2} (&2} (o2} (&2} o o
~— — ~— — ~— — — ~— — N N — ~— — ~ — — -~ — ~— N N
75

CHANNEL CATFISH
ALL LIFE STAGES COMBINED
CPUE ON FALL TRIPS

standard error val ues.

-71-

60

CHANNEL CATFISH
ALL LIFE STAGES COMBINED
CPUE ON FALL TRIPS

0

Figure 32. Channel catfish catch per unit effort (CPUE) in Reach 6 and Reach
5 on fall adult nonitoring trips for juvenile fish (< 300 mm TL;
top), adult fish (> 300 nm TL; middle), and for all life stages
conbined (juveniles + adults; bottom). Error bars represent the
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Figure 33. Channel catfish catch per unit effort (CPUE) in Reach 4 and Reach
3 on fall adult nmonitoring trips for juvenile fish (< 300 mm TL;
top), adult fish (> 300 nm TL; middle), and for all life stages
conbined (juveniles + adults; bottom). Error bars represent the
standard error val ues.
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Figure 34. Channel catfish catch per unit effort (CPUE) in Reach 2 and Reach
1 on fall adult monitoring trips for juvenile fish (< 300 mm TL;
top), adult fish (> 300 nm TL; nmiddle), and for all life stages
conbined (juveniles + adults; bottom). Error bars represent the
standard error val ues.
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As was evi denced by the | ength-frequency histogranms, channel catfish
nmean TL values riverwide (for all life stages conbi ned) from 1999-2001 were
significantly lower than they were from 1996-1998 (Tabl e A60, Figure 36).
This is due to the higher proportion of smaller fish in the channel catfish
popul ati on from 1999-2001 (Figure 35). Anpbng reaches, channel catfish nean
TL fluctuated greatly dependi ng upon the reach, but Reaches 6 and 3-1 showed
a gradual declining trend (nmore marked in Reach 1) in nean TL over the years
(Figure 37). However, the difference in nean TL between the begi nning and
end sanpling years in any given river reach was significantly lower in only
two cases (i.e., Reaches 2 and 1; Tables A61- A66, Figure 37).

Bi onmass

Ri verwi de, channel catfish mean bi omass was significantly lower in the
peri od 1999-2001 than at its highest point in 1998 (Tables A67, Figure 38).
This is directly linked to the generalized shift of the San Juan River
channel catfish popul ation towards smaller size-class fish over the |ast
several years (Figure 35). 1In 2001 channel catfish biomass per hour of
el ectrofishing riverwide was at essentially the same level as at its high
point in 1996, but not dranatically higher than 1997-2000 (Figure 38). So,
whil e the San Juan River channel catfish popul ation has noticeably shifted
fromlarger to smaller size-class fish over the | ast several years, the
overal | biomass of channel catfish in the San Juan River has changed little
if at all (Figure 38). Anmong reaches, channel catfish nean bi omass showed
general downward trends in all six river reaches from about 1993 on (1994 in
the case of Reach 4; Figure 39). This downward trend in mean bi omass
logically follows the downward trend in nmean TL observed anong channe
catfish. However, in three reaches (Reaches 6, 5, and 1), there has been a
mar ked (though not significant) increase in nean bionass in the last year to
three years (Tables A68, A69, and A73, Figure 39). 1In only two reaches
(Reach 3 and 2) were nean biomass values significantly different (i.e.
lower) in 2001 than they were in the first year in which that reach was
sanpl ed (Tabl es A71 and A72, Figure 39).

Pl ots of channel catfish bionmass collected per hour of electrofishing
i ndi cate that the channel catfish biomass drops steadily in each contiguous
downstreamriver reach, al nost di sappearing by Reach 1. The increase in
channel catfish biomass per hour of electrofishing in Reach 1 in 2001 (Figure
39), along with correspondi ng increases in CPUE (Figure 34) and nean TL
(Figure 37), could be indicative of larger juvenile and/or snaller adult
(approxi mately 250-300 nm TL) channel catfish invading Reach 1 from Lake
Powel | .

Condi ti on Fact or

Ri verwi de, channel catfish nmean condition factor has not changed
markedly in the |last six years (Figure 40). |In fact, channel catfish nean
condition factor riverwide in 2001 was significantly different fromonly one
of the preceding five years, 1999, which it was significantly higher than
(Table A74, Figure 40). This held true anong reaches as well. Despite
fluctuations in channel catfish nmean condition factor in individual reaches
river the years (including significant drops in nean condition factor in
Reach 6 in 1999 and Reach 5 in 1998), in only one reach (Reach 2) was the
nean condition factor value significantly different (i.e., lower) in 2001
than in the first year in which this reach was sanpl ed (Tabl es A75- A80,

Fi gure 41).
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Figure 40. Mean condition factor (K) for channel catfish riverwide (RM 180.0-0.0) on fall adult nonitoring
trips in the San Juan River, 1996-2001. Error bars represent the standard error val ues.

- 80-



1.15 1.15
105 F - —mm s s mmm oo
0.95
0.85
0.75
I
L e
CHANNEL CATFISH
0.45 | MEAN CONDITIONFACTOR(K) ~ 0.45 | MEANCONDITION FACTOR(K) _ _ _ _ ___________
| REACH 6: RM 180.0-155.0 REACH 3: RM 106.0-68.0
ALL LIFE STAGES COMBINED 035 ALL LIFE STAGES COMBINED
F__ 0.35 :
g N a2 < Yo} © N~ [ee] [} o — hy [a) [5e) < Yo} © N~ [c) [} o —
g 3 83 8 8 8 8 88 8 8 8 S 3 8 8 8 3 8 8 3 & 8
O e 2 2 2 2 2 2 2 2 o O 2 2 2 2 2 2 2 2 2 8 K
< 1.15 1.15
LI I R e LT
0.95 F-----------m o m oo
Z 085
O
—
F._ 0.65
I
055 F————————mmmmmmmmm e m e — o — oo 0.55
D CHANNEL CATFISH
0.45 - MEAN.CONDITION FACTOR (K} _ _ _ _ _ _ _ _ _______ 0.45
REACH 5: RM 155.0-131.0 REACH 2: RM 68.0-17.0
ALL LIFE STAGES COMBINED ALL LIFE STAGES COMBINED
D D D [e2] [e2] [2] [e2] D D o o [o2] D [e2] [e2] [e2] [2] [«2] D D o o
[} [} [} [} [} [} [} [} [} o o [} [} [} [} [} [} [} [} [} o o
~ ~— -~ -— — — — — — N N ~— ~— ~— -~ -~ ~ — — — N N
o 1.15 1.15
:E: 105 F—m—mmmmmmmmmmm e 105 [~
<1: 095~~~ I e
I I I 0.85 F I~--- 11\1;\ 7777777777777777 085 F------ e T i*
- ;"1\1 i 7771\\ /
- - N
St 11/
U e
055 F—-=--------—-—---—-—-———————————~—~—~—~ | 055 - g
CHANNEL CATFISH CHANNEL CATFISH
045 |- MEAN CONDITIONFACTOR(K) 045 - MEANCONDITIONFACTOR(K) T
. REACH 4: RM 131.0-106.0 REACH 1: RM 17.0-0.0
035 ALL LIFE STAGES COMBINED 0.35 ALL LIFE STAGES COMBINED
Y e N  f 10 O © N © O O = = o9 o ¢ 1vuw o N 90 o0 9 9«
& 8 8 8 8 8 8§ &8 & 38 8 E 8§ & 8 8 3 8 8§ & 8 8
- = = ¥ = = ¥ = - & « - - - - = - = = - & «
Figure 41. Mean condition factor (K) for channel catfish in Reaches 6-1 on

fall adult

nonitoring trips in the San Juan River.

Error bars

represent the standard error val ues.
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Common Carp

Catch Per Unit Effort (CPUE)

Ri verwi de, common carp total CPUE has not changed significantly since
1997, despite ongoi ng mechani cal renoval efforts (Table A81c, Figure 42).
However, conspicuous anong riverw de coll ections of comobn carp was the
collection of a relatively large nunber of juvenile fish in 2000 (Figure 42).
This particular life stage of conmon carp is usually very rare or conpletely
absent from el ectrofishing sanples (Figures 43-45). However, in 2000
juvenile common carp were conspicuous in their relative abundance in Reaches
6-4 and 1 (Figures 43 and 44). Nunerically, the najority of the juvenile
conmon carp collected in 2000 were collected in Reach 6, upstream of the PNM
Weir (RM 166.6), mirroring the phenonenon that was observed anpong
fl annel mout h sucker and bl uehead sucker in 2000 (Figures 10, 21, and 43;
Ryden 2000a). Statistical matrices conparing between-year CPUE val ues of
conmon carp, both riverw de and for individual geonorphic reaches, are
presented in Appendi x A

Trying to discern trends in adult comon carp CPUE in individual reaches
over the years has been difficult. Nunbers of adult common carp in any given
reach tend to fluctuate dramatically between years, naking overall trends
hard to fathom It seens sonewhat odd that riverw de, adult CPUE remains
relatively stable between years (Figure 42) while adult CPUE anpbng reaches
varies so considerably fromyear to year (Figures 43-45). It is possible
that this could be an indication of fairly | arge-scale novenents of adult
common carp between reaches. However, even with the variable adult CPUE s,

there are two trends that seemto stand out. |In Reach 6, CPUE anpng adult
conmon carp steadily declined between 1996 (when nonnative renoval efforts
began) and 2000 (Figure 43). |If this trend is linked to the intensive

nmechani cal renoval efforts that are ongoing in that reach, it would be the
first indication that fisheries nanagers are able to have a profound effect
on the nunbers of conmon carp through nechani cal mani pul ation

Lengt h Frequency And Mean Total Length

Ri verw de | engt h-frequency hi stograns of comon carp show a popul ati on
whose mai n channel conponent is based very heavily (typically 20-30% of
coll ected individuals) around |arge adult fish, (the 426-450 mm TL si ze-cl ass
in all years except 2000; Figure 46). Even in 2000, when relatively large
nunbers of age-0 common carp (based around the 76-100 nm TL size-cl ass) were
col l ected, causing a binodal |ength-frequency histogram the larger of the

two nodes was still based around | arge, adult fish (i.e., the 451-475 nmm TL
size-class; Figure 46).
Common carp nean TL for all life stages conbined riverw de rose steadily

(and significantly) between 1996 and 2001, with the exception of one year
2000 (Table A88, Figure 47). The significant drop in nean TL observed
riverwi de anong conmon carp in 2000 (Figure 47) was an artifact of the
collection of |arge nunbers of age-0 fish in Reaches 6-4 and 1 (Figures 43
and 44). Anmong reaches, comon carp nean TL was higher in all reaches in
2001 than in the first year any given Reach was sanpled (Figure 48). In
Reaches 5, 4, 3, and 2 these differences were significant (Tables A90- A93,
Figure 48). Notable anong nmean TL val ues for individual reaches is the very
marked drop in nean TL in Reach 6 and corresponding smaller drops in nmean TL
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FISH PER HOUR OF ELECTROFISHING

Fi gure 42.
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on fall adult nonitoring trips for juvenile fish (< 250 nm TL;
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conbined (juveniles + adults; bottom). Error bars represent the

standard error val ues.
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Figure 45. Comon carp catch per unit effort (CPUE) in Reach 2 and Reach 1
on fall adult nonitoring trips for juvenile fish (< 250 nm TL;
top), adult fish (> 250 nm TL; middle), and for all life stages
conbined (juveniles + adults; bottom). Error bars represent the
standard error val ues.
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i n downstream Reaches 5, 4, and 1 (Figure 48). The other notabl e change in
conmon carp nean TL occurred in Reach 2 and to a | esser degree in Reach 1,

bet ween 1993 and 1995, when nean TL val ues increased greatly, essentially
doubling in Reach 2 at the sanme tinme the | ower San Juan River becane
reconnected with Lake Powell (Figure 48). This points to a possible invasion
of the lower San Juan River by |larger comon carp from Lake Powel |l once the
waterfall at RM 0.0 was inundated.

Bi onmss

Ri verwi de, common carp nean bionass for all I|ife stages conbined tracked
very logically with riverw de values for nmean TL (Figures 47 and 49),
increasing significantly between 1996 and 2001, with the exception of 2000
(Table A95). So as common carp in the San Juan River have generally gotten
| onger over the last six years, they have al so gotten heavier. Again, the
drop in nmean bi omass of common carp riverwide in 2000 was an artifact of the
collection of the |l arge nunber of age-0 fish in Reaches 6-4 and 1 that year
(Figures 43-45 and 49). Anopng reaches, this same general upward trend in
nmean bi onass over tine was observed in all six river reaches over their
relative sanpling periods, again with the exception of Reach 6 in 2000
(Figure 50). In Reaches 6-2, commopn carp nean bi onmass val ues in 2001 were
significantly higher than in the first year those reaches were sanpl ed
(Tabl es A96- A100, Figure 50).

Pl ots of common carp bionmass coll ected per hour of electrofishing
i ndicate that the comon carp biomass drops steadily between Reaches 6 and 2,
then rises again slightly in Reach 1, adjacent to Lake Powell (Figure 50).
Interestingly, conmon carp biomass per hour of electrofishing in both Reaches
2 and 1 were very minimal in 1993 when these reaches were isolated from Lake
Powel I, but were significantly higher in the period 1995-2001 after the
waterfall at RM 0.0 becane inundated. This again points to an invasion of

the I ower river by nonnative fishes from Lake Powell. However, even with
t hese increased bi onass per hour of electrofishing values in Reaches 2 and 1
the bul k of conmon carp bionass in the San Juan River still occurs in Reaches

6-4. The precipitous drop in comon carp nmean biomass in Reach 6 in 2000 is
an artifact of the relatively |arge nunber of juvenile fish collected in that
reach that year and corresponds with a simlar drop in nmean TL (Figures 43
and 50).

Condi ti on Fact or

Ri verwi de, conmon carp nean condition factor for all life stages
conbi ned did not change significantly between the 1996 and 2001 (Tabl e Al02,
Figure 51). Anong reaches, comon carp nmean condition factor showed few
clear patterns (Figure 52). |In Reach 6, comon carp mean condition factor
rose steadily and significantly between 1997 and 2001 (Tabl e A103, Figure 52)
and in Reach 1 there was a significant increase in comobn carp nean condition
factor between 1995 and 2001 (Tabl e A108, Figure 52), although the overal
upward trend in condition factor in Reach 1 over tine was rmuch | ess clear
than in Reach 6. |In the other reaches, trends in comobn carp nean condition
factor were much nore anbiguous. |In none of the six reaches were the 2001
val ues significantly different than in the first year in which a given reach
was sanpl ed (Tabl es A103- A108, Figure 52).
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Figure 52. Mean condition factor (K) for conmon carp in Reaches 6-1 on fal

adult nmonitoring trips in the San Juan River. Error bars

represent the standard error val ues.
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O her Nonnati ve Fi shes

Largenout h Bass, Striped Bass, and Wlleye

In nbst years nonnative predatory fishes (excluding channel catfish)
tend to be rare in adult monitoring collections (Table 17). 1In fact in five
of the last six years the total CPUE for these three species conbi ned has
been < 0.35 fish per hour of electrofishing (Table 17). However, in 2000
there was a dramatic increase in the nunmber of nonnative predatory fishes
collected in the San Juan River. The 2000 cal endar year (up through m d-
August) was characterized by very low, stable river flows, very clear water
conditions riverw de, and by Lake Powel| being at a high enough level that it
still inundated the waterfall which was present at RM 0.0 from 1989 t hrough
spring 1995. During 2000 |arge numbers of adult striped bass invaded the San
Juan River (as far upstreamas the PNM Wir at RM 166.6) from Lake Powel I,
whi | e nunerous juvenile | argenouth bass (nostly collected upstream of RM
100.0) invaded the river, probably from upstream sources (Ryden 2001a).

Based on observational data, nonnative predatory fishes, especially
striped bass, tend to invade the | ower San Juan Ri ver on an annual basis,
usual Iy around the runoff period, remaining in the river and continuing to
nove upstreamas long as turbidity remains |low (pers. obs.). However,
nunbers of nonnative predatory fishes (agai n excludi ng channel catfish)
becorme greatly reduced when turbidity is high, particularly when sumer storm
spi kes occur. Alnobst all nonnative predatory fishes collected in turbid
wat er conditions tend to have enpty stomachs, while those collected during
2000 (i.e., in clear water conditions) largely had full stomachs (Ryden
2001a). Also, it does not appear that |arge nunbers of nonnative predatory
fishes overwinter in the San Juan River as nunbers collected on spring
razor back sucker sanpling trips are always | ow (Ryden unpublished data).

-05-



Tabl e 17.

A conparison of nunbers of fish collected and catch per unit

effort

(CPUE)

riverw de,
fishes (excluding channe

for the three nonnative predatory
catfish) collected during adult

monitoring trips in the San Juan River, 1996-2001
Speci es, Total Nunbers Coll ect ed,
Li fe Stages and ( CPUE)
Nunber OF Hours O
Year El ectrofi shing Lar genout h
Bass Striped Bass wal | eye
16 14 21
1996 165. 41 16 juveniles
14 adults 21 adults
(0. 10/ hr) (0.08/hr) (0.13/hr)
2 0 9
1997 166. 01 5 juveniles
2 adults 4 adults
(0.01/ hr) (0.00/ hr) (0. 05/ hr)
5 17 6
1998 137.15 5 juveniles 6 juveniles 1 juvenile
11 adults 5 adults
(0. 04/ hr) (0.12/ hr) (0.04/hr)
0 0 9
1999 88. 36
9 adults
(0. 00/ hr) (0. 00/ hr) (0. 10/ hr)
111 109 7
2000 116. 89 109 juveniles 1 juvenile
2 adults 108 adults 7 adults
(0.95/hr) (0.93/hr) (0.06/hr)
2 2 1
2001 109. 61 2 juveniles
2 adults 1 adult
(0.02/ hr) (0.02/ hr) (0.01/ hr)
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SECTION Il (a): FISH POPULATI ON TRENDS I N REACH 6
UP- AND DOWNSTREAM OF THE PNM VEI R

METHODS

To exam ne the inpact of intensive nonnative fish renoval efforts
(specifically ained at channel catfish and comon carp) that are being
conducted fromthe PNM Weir to Hogback Diversion (RM 166.6-158.6) in Reach 6
on the fish comunity in that reach of river, trends in CPUE were exam ned
for the four nmost common fish species in “upper” (RM 180.0-166.6) and “l ower”
(RM 166. 6-158. 6) Reach 6 from 1996-2001. The use of the terns “upper” and
“lower” Reach 6 in this particular analysis are not neant to inply that the
conbi nati on of these two values will equate to those CPUE and nean TL val ues
presented for the whole of reach 6 in earlier analyses. “Upper” Reach 6 in
this particular analysis refers to the area of Reach 6 upstream of the PNM
Weir. “Upper” Reach 6 is virtually devoid of channel catfish and nunbers of
conmon carp occurring here are nmuch reduced from downstream areas of the San
Juan River. “Lower” Reach 6 in this particular analysis refers to the area
of reach 6 in which channel catfish and common carp conmonly occur but have
been subjected to intensive nechanical renoval efforts over the |ast severa
years (i.e., RM 166.6-158.6). The npbst downstream portion of Reach 6, from
RM 158. 6-155.0 (i.e., downstream of the Hogback Diversion), is NOT included
in this analysis.

RESULTS
FI annel nout h Sucker

CPUE for juvenile flannel nouth sucker in Reach 6 upstream of the PNM
Weir (RM 180. 0-166. 6) decreased steadily between 1996 and 1999, then
i ncreased nmarkedly in 2000, before dropping back to near |evels observed in
1997 (Figure 53). Conversely, CPUE for juvenile flannel nouth sucker in Reach
6 downstream of the PNM Weir (RM 166.6-158.6), increased steadily between
1996 and 2000, before showing a drop to | owest ever observed levels in 2001
(Figure 53). In all juvenile flannel mouth sucker were nore abundant
downstream of the PNM Weir (RM 166.6-158.6) in three of the |last six years
(1997-1999), while juvenile flannel nouth sucker were nore abundant upstream
of PNM Weir in the other three years (1996, 2000, and 2001; Figure 53). The
sub- groups of juvenile flannel nouth sucker up- and downstream of the PNM Weir
had divergent trends during the period 1997-1999, but tracked each other nore
closely in 1996, 2000 (both were at highest |evel ever observed), and 2001
(Figure 53). The steady increase in juvenile flannel mouth sucker CPUE from
1996- 1999 (Figure 53) corresponds with nonnative fish renmoval efforts which
began in lower reach 6 in 1996. It is interesting to note that the nmarked
drop in juvenile CPUE in both juvenile flannel nouth sucker and juvenile
bl uehead sucker in | ower Reach 6 (Figure 53) in 2001 corresponded to a marked
increase in adult channel catfish CPUE in | ower Reach 6 in that sanme year
(Figure 54).

Unlike juvenile CPUE, trends for adult flannel mouth sucker CPUE i n Reach
6, both up- and downstream of the PNM Weir (RM 180. 0-166.6) tracked each
other very closely, with the exception of 1997 (Figure 53). Total CPUE
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Figure 53. Fl annel mout h sucker and bl uehead sucker catch per unit effort
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trends for all life stages of flannel nouth sucker conbined up- and downstream
of PNM Weir al so tracked each other very close, with steady total CPUE

i ncreases between 1998 and 2000 upstream and 1997 and 2000 downstream of the
PNM Wi r, before marked drops (back to 1998 and 1997 | evels, respectively) in
both areas in 2001 (Figure 53).

Bl uehead Sucker

Unli ke flannel mouth sucker, bl uehead sucker CPUE val ues were al nost
al ways nore abundant upstream of the PNM Weir than bel ow (Figure 53). This
is true for juvenile CPUE in four of six years, adult CPUE in all six years,
and total CPUE in four of six years. Like flannel nouth sucker, bl uehead
sucker showed spikes in juvenile CPUE in Reach both up- and downstream of PNM
Weir, but unlike flannel nouth sucker, the spikes in bluehead sucker juvenile
CPUE did not both occur in 2000. |Instead they were offset a year with the
first spike in juvenile CPUE in Reach 6 occurring in 1999 downstream of the
PNM Weir, followed an al nost identical spike upstream of PNM Weir in 2000
(i.e., the sane year simlar spikes were observed in juvenile CPUE for
fl annel mout h sucker and comon carp both up- and downstream of the PNM Weir
Figures 53 and 54). It should be noted that Reach 6 is the only reach within
our study area where nunbers of bl uehead sucker collected are sinilar to or
even exceed nunbers of flannel nouth sucker collected. Reach 6 is also the
only Reach in our study area where bl uehead sucker are consistently much nore
conmon t han are nonnative channel catfish. The marked drop in juvenile
bl uehead sucker CPUE in | ower Reach 6 (Figure 53) in 2001 corresponded to a
mar ked i ncrease in adult channel catfish CPUE in | ower Reach 6 in that sane
year (Figure 54).

Channel Catfish

The distribution of channel catfish in Reach 6 is markedly different
than that for any of the other common | arge-bodied fish species. Channe
catfish are rarely ever collected upstreamof the PNM Wir and then only in
| ow nunbers (Figure 54). In addition, juvenile channel catfish have been
col l ected upstream of PNM Weir in only one year, 2000 (Figure 54).
Conversely, in Reach 6 downstream of PNM Weir channel catfish are nmuch nore
abundant than they are upstream w th the popul ation being nunerically
dom nated by adult fish (Figure 54). Marked drops in adult and total CPUE
observed in 1997 and again in 2000 were both originally thought to have been
caused to nechani cal renoval efforts (Figure 54). But large increases in
adult and total CPUE in 1998 and 2001 have shown that if the drops in adult
and total CPUE observed in 1997 and 2000 were indeed caused by mechanica
renoval efforts, then recolonization of |ower Reach 6 (i.e., RM 166. 6-158. 6)
from downstream reaches is apparently able to replenish nunbers of channe
catfish in this section of the river in short order
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Common Carp

Juvenil e conmon carp are consistently rare in adult nmonitoring
col l ections throughout the San Juan River (Figures 43-45). This is also the
case in Reach 6 both up- and downstream of the PNM Weir. The one exception
to this was in 2000 when exceptionally |arge nunbers of juvenile common carp
were col | ected upstream of the PNM Weir (Figure 54). A much smaller increase
in juvenile comon carp CPUE was al so observed in Reach 6 downstream of the
PNM Weir in 2000 (Figure 54).

Adult conmmon carp CPUE has al ways been narkedly | ower in Reach 6
upstream of the PNM Weir than downstream w th adult conmon carp CPUE in
Reach 6 downstream of PNM Weir ranging from1.48 to 5.88 tines higher
dependi ng upon the year (Figure 54). Adult conmon carp CPUE upstream of the
PNM Wi r has al so remai ned very consistent since 1994 (Figure 54). In
contrast, adult common carp CPUE in Reach 6 downstream has been noticeably
declining (with the exception of 1998) from 1996-2001 (Fi gure 54).

Total CPUE for all life stages of conmon carp conbined in Reach is 6
very much a reflection of the trends seen anpong adult fish, with one
exception, 2000. This exception was due to the large spike in juvenile
conmon carp CPUE in Reach 6 upstream of the PNM Weir, discussed earlier
(Figure 54).
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SECTION Il (b): FLANNELMOUTH SUCKER
POPULATI ON TRENDS I N REACH 1

Fromthe late 1989 until May 1995, the San Juan River was physically
separated from Lake Powel|l by a large waterfall (up to 10 mhigh at one tine)
that had formed at RM 0.0 as | ake |levels receded. This waterfall prevented
any access upstream for fish from Lake Powell to the San Juan River. Wen
the waterfall was inundated by rising | ake levels in May 1995, nonnative
predatory fishes, specifically striped bass and wall eye began to freely
i nvade the | ower San Juan River (Ryden 2000a).

METHODS

Fi el d observations indicating a perceived decline in flannel nouth sucker
abundance in Reach 1 (RM 17.0-0.0), adjacent to Lake Powell, beginning in
1995 were exanm ned using CPUE and nean TL statistics versus the nunber of
nmont hs Reach 1 had been exposed to Lake Powel |l since May 1995. Linear
regression analysis was used to deternmine if trends in flannel nouth sucker
CPUE and nean TL were positively or negatively related with increasing nonths
of exposure.

RESULTS

When Reach 1 was sanpled in the sumrer of 1993, flannel nouth sucker were
rel atively abundant conpared to other fish species (Figures 12, 23, 34, and,
45). At that tine the waterfall at RM 0.0 still physically separated the
| ower San Juan River from Lake Powell. In 1995 Reach 1 was sanpled again
approxi mately three nonths after the inundation of the waterfall and
fl annel mouth sucker were again found to be relatively abundant conpared to
other fish species in this reach (Figures 12, 23, 34, and, 45). However, in
the years follow ng 1995, various researchers began to make anecdota
observations that flannel mouth sucker were beconing |less and | ess common in
Reach 1.

Thi s anecdotal observations were proven true when plots of flannel nouth
sucker total CPUE in Reach 1 versus nonths of exposure (i.e., the nunber
nonths the waterfall was inundated all owi ng uni npeded passage of fishes to
and from Lake Powel|) showed a steady and significant decline between 1995
and 1998 (Figure 55). This trend has reversed itself slightly with
fl annel mout h sucker total CPUE increasing in Reach 1 from 1998-2001 (Figure
55). However, even with this four-year increase flannel nouth sucker tota
CPUE in 2001 was still 4.18 tines |ower than that observed in 1995 (Figure
55).

A linear regression analysis of flannel nouth sucker total CPUE in Reach
1 versus nmonths of exposure to Lake Powel|l showed a significantly negative
correlation (Figure 55). The increases in flannel nouth sucker total CPUE
over the last four years have al nost certainly helped to flatten out the
sl ope of this negative regression line, but the trend still remains
significantly negative (Pearson correlation coefficient = -0.444, r2 = 0. 350,
F-statistic = 12.316, p = 0.000).
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graph is a linear regression analysis of the relationship between
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SECTION Il (c): CHARACTERI STICS OF THE
SAN JUAN RI VER HYDROGRAPH

METHODS

Aspects of the annual hydrograph for cal endar years 1991-2001 were
examned to see if links could be identified between various fish popul ation
characteristics (e.g., CPUE) and annual flow regines. The 11 annual fl ow
regimes were first characterized into one of five flowyear classifications
(high, noderately high, noderate, noderately |low, |ow), based on how t hey
conpared to one another. Three nmethods were used to prelinmnarily classify
i ndividual flowyears. Al flow statistics were obtained fromthe USGS river
gage at Shi prock, NM (09368000).

First, a visual exam nation was made of various yearly hydrograph
characteristics to rank flowyears. Hydrograph characteristics exam ned
i ncluded: days < 500 CFS; days > 2,500 CFS; days > 5,000 CFS; days > 8, 000
CFS; and days > 10,000 CFS. These hydrograph characteristics were |isted,
graphed, and after exam nation were subjectively classified.

Second, monthly discharge totals (in acre-feet {af}) were grouped into
four distinct periods, w nter basefl ow (Novenber-February), runoff (March-
July), sunmmer basefl ow (August-Cctober), and cal endar year totals (January-
December). The five-nmonth period from March through July was used for the
runof f classification in order to fully bracket both ends (ascending and
descending linbs) of the spring hydrograph in all 11 years. G aphs of runoff
period af totals were then visually exanined to prelimnarily classify flow
years.

Lastly, nonthly af values were totaled to establish a benchmark flow for
the “high” classification during the runoff period. The high flow year
benchnmark was set subjectively at 1,500,000 CFS from1 March through 31 July
based on the relatively high flow years of 1993 (1,566,060 af) and 1995
(1,544,800 af). Oher flow years were then figured as percentages of this
hi gh fl ow benchmark and then classified accordingly. The results of these
t hree nethods were then conpared to one anot her and flow years were given
final classifications based upon how they were classified nost often (i.e.
two out of three or three out of three tines) during the three prelimnary
classification attenpts.

In addition to conparing fish population characteristics (e.g., CPUE) to
annual flow year classifications, other factors were exam ned as well. These
i ncl uded exam ning the effect of antecedent wi nter base-flows periods (i.e.
were they stable or characterized by storm spi ke perturbations) and the tota
vol une of antecedent sumer and w nter baseflow periods to determine if they
af fected subsequent fish population characteristics (e.g., CPUE)

RESULTS

When hydrograph characteristics were listed and then graphed and
exam ned, three years (1993, 1995, and 1997) were prelimnarily classified as
hi gh fl ow years based on nunber of days the hydrograph was > 8,000 and
> 10,000 CFS (Table 18). Likewise low flow years (1991, 1996, and 2000) were
prelimnarily classified as such based on | ack of days with high flow and a
greater nunber of days with flows < 500 CFS (Table 18). Internediate years
were prelimnarily classified as follows: noderately high (1992, 1994,
1999); noderate (1998); noderately |ow (2001).
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Tabl e 18. Characteristics of cal endar year hydrographs in the San Juan
Ri ver, 1991-2001. Data are fromthe Shiprock, NM USGS river gage

(09368000) .
Nunber of Days:
Year
<500 CFS >2,500 CFS | >5,000 CFS | >8,000 CFS >10, 000

CFS
1991 28 50 0 0 0
1992 9 87 45 4 0
1993 5 136 101 11 0
1994 23 65 43 7 0
1995 0 140 69 21 10
1996 66 33 0 0 0
1997 0 112 47 26 10
1998 15 60 25 0 0
1999 0 130 58 0 0
2000 49 26 1 0 0
2001 23 51 29 1 0

Wnter and sunmer baseflow periods (with the exception of 1999 sumer
basefl ow period) tended to contribute a fairly small and predictabl e anpbunt
of water to the yearly totals (Table 19, Figure 56). Therefore, classifying
flow years on the acre-foot totals seen in runoff periods (i.e., the only
part of the flow years that really showed any appreciabl e variation) appears
to be a viable nmethod. A visual examnination of runoff period acre-foot
totals led to the following prelimnary classifications: high (1993, 1995,
1997); noderately high (1992); noderate (1994, 1998, 1999, 2001); noderately
low (1991), and; |ow (1996, 2000; Table 19, Figure 56).

Finally, basing a high flow year on a runoff period benchmark of
1,500,000 acre-feet and figuring the 11 flowyears as percentages of this
value led to the following prelinmnary classifications: high (1993, 1995);
noderately high (1997); noderate (1992, 1994, 1998, 1999, 2001); noderately
[ow (1991), and: |ow (1996, 2000). See Table 20 for specific acre-foot and
per cent age val ues.

Prelimnary classifications fromthe above three nethods were conpared
(Table 21) to determine in which classifications flowyears occurred the
majority of the tine (two out of three or three out of three tinmes). Based
on that analysis, the final classifications for flowyears were as foll ows:
hi gh (1993, 1995, 1997); noderately high (1992); noderate (1994, 1998, 1999,
2001); noderately low (1991), and; |low (1996, 2000; Table 22).

Exami nation of flows during w nter baseflow periods reveal ed that
bet ween Novenber 1990 and February 1995, four of the five w nter basefl ow
peri ods were perturbated by at |east one major stormspike. Only the flows
during the winter basefl ow period of 1993-1994 were relatively stable (Figure
57). Conversely, between Novenber 1995 and February 2000, only two (1996-
1997 and 1998-1999) of the six w nter baseflow peri ods were perturbated by at
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Tabl e 19.

Mont hly acre-foot values for the San Juan River at the Shiprock USGS

gage (09368000), used to determ ne volunmes of water present in the
river during winter baseflow, runoff, and sumrer basefl ow peri ods,
as well as to determ ne cal endar year totals, 1991-2001

Acre- Foot Total s:

Month 1990 1991 1992 1993 1994 1995
January 66, 050 55, 330 74, 890 65, 790 55, 550
February 67, 500 73, 380 79, 400 47, 470 58, 900

Mar ch 63, 290 77,380 313, 500 54, 480 173, 200

April 104, 100 198, 100 355, 200 51, 670 202, 900

May 216, 200 393, 700 392, 700 293, 800 365, 500

June 145, 400 283, 000 405, 600 390, 600 539, 200

July 47, 340 92,710 99, 060 123, 500 264, 000
August 27,910 56, 050 65, 100 30, 010 90, 840
Sept enber 79, 460 55, 650 64, 900 56, 930 67, 510
Cct ober 42,020 46, 920 59, 690 61, 830 60, 140
November 67, 360 85, 790 55, 090 72,760 59, 670 63, 120
Decemnber 62, 650 69, 990 55, 760 70, 330 58, 410 62, 990
Total s 1,015,050 | 1,443,070 | 2,053,130 | 1,294,160 | 2, 003, 850

Acr e- Foot Total s:

Month 1996 1997 1998 1999 2000 2001
January 43, 300 39, 580 75, 870 56, 640 51, 300 48, 500
February 44, 860 36, 180 65, 460 48, 680 46, 200 48, 150

Mar ch 43, 020 126, 500 70, 130 54, 240 57, 830 63, 520

April 31, 630 136, 500 84, 810 69, 040 98, 280 82,370

May 122, 800 350, 600 322, 800 199, 100 142,100 294, 000

June 158, 400 493, 100 236, 300 349, 600 119, 600 283, 200

July 36, 410 162, 800 102, 400 191, 600 20, 040 42, 440
August 24,700 148, 700 58, 940 352, 400 37,000 69, 620
Sept enmber 43, 520 135, 300 38, 320 255, 800 38, 630 32,820
Cct ober 75, 650 80, 510 83, 840 64, 510 58, 850 43, 030
Novemrber 49, 250 65, 830 72,750 47, 030 56, 650 45,570
Decemnber 37, 200 72,990 59, 160 52,080 51,910 47,730
Total s 710,740 | 1,848,590 | 1,270,780 | 1,740,720 778,390 | 1,100, 950
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Tabl e 20.

A summary of San Juan River “runoff period”
flows in acre-feet (af), 1991-2001. These flow vol unes are used
here to attenpt to prelimnarily classify the flow year (high,
noderately high, noderate, noderately low, low) in which they
occurred. The prelimnary benchmark for a high flow year was set
at 1,500,000 acre-feet during the runoff period (based on the
high flow years of 1993 and 1995).

(i.e., March-July)

Cal endar Year (af During Runoff

Classification Peri od) and Percent of 1,500,000 af
“Hi gh” dassification Benchnark
Hi gh 1993 (1,566,060 af) = 104.40%
1995 (1,544,800 af) = 102.99%
Moder at el y Hi gh 1997 (1,269,500 af) = 84.63%
1992 (1,044,890 af) = 69.66%
1994 (914,050 af) = 60.94%
Moder at e 1999 (863,580 af) = 57.57%
1998 (816,440 af) = 54.43%
2001 (765,530 af) = 51.04%
Moder ately Low 1991 (576,330 af) = 38.42%
Low 2000 (437,850 af) = 29.19%
1996 (392,260 af) = 26.15%

Tabl e 21.

A conparison of the 1991-2001 flow years, using varying sets of
criteria to prelimnarily classify flow years (i.e., |ow,
noderately | ow, noderate, noderately high, or high) in order to
hel p determ ne the possible effects of each classification of
flow year on the San Juan River |arge-bodied fish comunity.

Based On The

Prelimnary

Based On A Vi sual
Exani nation O A

Based On Vi sual
Exanmination O A
Graph Di spl ayi ng

Percent OF A High
Fl ow Benchmar k
Val ue (i.e.,

Cl assification Series O Yearly The Total Nunber 1, 500, 000 Acre-
O Fl ow Year: Hydr ogr aph O Acre- Feet Feet) Present
Characteristics During Runof f During The Runof f
Period In Each Period In Each
Fl ow Year FI ow Year
H gh 1993, 1995, 1997 1993, 1995, 1997 1993, 1995
Mbderately Hi gh | 1992, 1994, 1999 1992 1997
Moder at e 1998 1994, 1998, 1999, 1992, 1994, 1998,
2001 1999, 2001
Moderately Low | 2001 1991 1991
Low 1991, 1996, 2000 1996, 2000 1996, 2000
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Table 22. Final classification of 1991-2001 flow years (i.e., |ow,
noderately | ow, noderate, noderately high, or high) adopted for
this report. The final classifications were based on which
classification flow years were nmost frequently placed in during
various prelimnary classification attenpts (see previous
t abl es).

Final dassification O Flow Year

Hi gh 1993, 1995, 1997
Moderately Hi gh 1992

Moder at e 1994, 1998, 1999, 2001
Moderately Low 1991

Low 1996, 2000

| east one nmj or stormspike, while flows during the other four w nter
basef | ow periods were relatively stable (Figures 57 and 58). Even the 1998-
1999 wi nter baseflow period was stable after two early storm spikes (i.e.
both occurring prior to 11 Novenber 1998; Figure 57).

Acre-foot totals for w nter basefl ow periods ranged from 162,210 af in
1996- 1997 to 284,490 af in 1991-1992 (Table 23). Acre-foot totals for sunmer
basef | ow peri ods ranged from 134,480 af in 2000 to 672,710 af in 1999 (Table
23). Wnter baseflow af totals were larger than foll owi ng sumer basefl ow af
totals in 9 of 11 years. The two exceptions to this were the 1997 (364,510
af) and 1999 (672,710 af) sunmer basefl ow periods (Table 23). The sumer
basefl ow period value for 1999 was an extrenme anonaly, actually being higher
than runoff period flows observed in 1991 (576,330 af), 1996 (392, 260 af),
and 2000 (437,850 af; Table 23). This was caused by a conbination of
unseasonably heavy rains in August and Septenber 1999 conbi ned with | arge-
scal e rel eases from Navajo Reservoir to avoid a spill (necessitated by the
| arge reservoir inflows generated by the precipitation during those two
nont hs) .
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Instreamflows (in CFS) during winter basefl ow periods (Novenber-
February) in the San Juan River, 1990-1991 to 1999-2000. Data
are fromthe Shiprock, NM USGS gage (09368000).
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Figure 58. Instreamflows (in CFS) during the wi nter 2000-2001 basefl ow
peri od (Novenber-February) in the San Juan River. Data are from
t he Shi prock, NM USGS gage (09368000).

Tabl e 23. Acre-foot (af) values for flow periods used in this report. Flow
data taken fromthe Shiprock, NM USGS gage (09368000). Fl ow
peri ods are defined as follows: w nter basefl ow (Novenber-
February), runoff (March-July), summer baseflow (August-Cctober),
cal ender year totals (January-Decenber of a given cal endar year).

W nt er Basefl ow Peri od: O her Fl ow Peri ods:

W nter

Basef | ow Summrer Cal endar

Year s Peri od Cal endar Runof f af Basef | ow Year af

Enconpassed | af Totals Year Total s af Totals Total s
1990- 1991 263, 560 1991 576, 330 149, 390 1, 015, 050
1991- 1992 284, 490 1992 1, 044, 890 158, 620 1, 443, 070
1992- 1993 265, 140 1993 1, 566, 060 189, 690 2,053, 130
1993- 1994 256, 350 1994 914, 050 148, 770 1, 294, 160
1994- 1995 232,530 1995 1, 544, 800 218, 490 2,003, 850
1995- 1996 214, 270 1996 392, 260 143, 870 710, 740
1996- 1997 162, 210 1997 1, 269, 500 364, 510 1, 848, 590
1997-1998 280, 150 1998 816, 440 181, 100 1, 270, 780
1998- 1999 237, 230 1999 863, 580 672,710 1,740, 720
1999- 2000 196, 610 2000 437, 850 134, 480 778, 390
2000- 2001 205, 210 2001 765, 530 145, 470 1, 100, 950
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DI SCUSSI ON

Ri verwi de, the overall native to nonnative fish ratio was at its | owest
ever observed level in 2001 (1.54:1), although not dramatically |ower than
1996 or 1999 values. This was a function of an increase in channel catfish
collections (up to 28.7% of the total catch in 2001) and a slight decrease in
fl annel nout h sucker collections (down to 45.2% of the total catch in 2001).
These two species, together with bl uehead sucker and common carp, continue to
be the dom nant four species in the San Juan River, accounting for over 90%
(95.8%in 2001) of the total catch during adult nonitoring annually. Despite
all the flow mani pul ations, rare fish augnentation efforts, nonnative fish
renoval efforts, fish passage inprovenments, etc., initiated by the San Juan
Ri ver Recovery Inplenentation Program over the |ast several years, riverw de
proportions of these four fish species have remained relatively stable over
the last six years.

Two t houghts concerning this fact come to mind. First, these four
species are very conmon and continue to flourish in the San Juan R ver even
t hough it has been a highly nodified and regul ated system for approxi mately
forty years. This points to these particular species being very adaptable to
the range of conditions (flows, contam nants, predation/conpetition, range
reductions, etc.) that have existed in the San Juan River over the |ast four
decades. In a sense, it appears that these four species nay have reached a
state of equilibrium Localized and yearly fluctuations in this equilibrium
woul d be expected as various factors (listed above) affect spawni ng success,
year-class strength, avail able forage base, recruitnment, and the suitability
of localized areas of the river to neet life history requirenents (e.g.

Reach 1 for flannel nouth sucker), but likely these fluctuations are just

that. Gven the relatively long Iife-span of these species and their

rel ati ve abundance, they are likely to be able to absorb the effects of “bad”
years (or even a series of years) and recover fairly quickly during years
when conditions are nore favorable. Thus, it may be that there is little
that can be done to passively mani pul ate overall nunmbers of these four comon
fish species on a long-termbasis given the linmted resources (e.g.
restrictions on flows from Navajo Reservoir) available to the San Juan R ver
Recovery | nplenentation Program |In other words, we nmay not be able to throw
anything at them(e.g., in terns of river flows) that they haven't already
seen and lived through. |If this is true, then any long-term |I|arge-scale
changes (positive or negative) in population nunbers of these four species
woul d indicate a very fundanental change fromthe w de range of conditions to
whi ch they have adapt ed.

This leads to a second thought. The attenpts that have been nade to
physically alter the fish community in the San Juan River over the |ast six
years, represent our best chance to make such a fundanental change.

Mechani cal renoval of common nonnative fish species, expansion of range for
native fishes through nodification or renoval of instreamdiversion
structures, and reintroduction of mssing nmenbers of the fish conmunity

(Col orado pi kem nnow and razorback sucker) through augnentation all have the
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potential to nake dramati c changes in abundance and distribution of the four
conmon, | arge-bodied fish species. However, these nanagenent actions have
been in place for such a relatively short tine (and so far on such a snal
scal e) and nunmbers of the four common fish species are so large, that it wll
i kely take nany years to assess whether these nanagenment actions can be
successful in fundanentally changi ng the nmakeup of the popul ati ons of the
four common | arge-bodi ed fish species in the river’'s nain channel habitats.
To conplicate matters, the “natural” fluctuations in popul ation paraneters
(i.e., deviations fromthe assuned equilibrium discussed above) will likely
mask any changes that are occurring as a result of managenent-based
mani pul ations until the effects of these nmanipul ati ons popul ati ons to surpass
some critical threshold level. This will make assessing managenent - based
mani pul ati ons, using popul ations of the four common | arge-bodi ed fish species
as a nmetric, problematic until such tine as a critical threshold is

sur passed.

Rare Native Fi shes

Recent flow manipulations (i.e., 1992-present) in the San Juan River
have not appeared to nake | ong-lasting changes in nunbers of the four comon
| arge-bodi ed fish species, specifically in larger juvenile and adult life-
stages. However, mimcry of a natural hydrograph is still considered to be a
critical component in recovering both Col orado pi kem nnow and razorback
sucker in the San Juan River (Holden 1999). The tinmng and relative success
of spawning for both razorback sucker and Col orado pi kem nnow appears to be
very closely tied to the annual spring hydrograph. Razorback sucker spawn on
the ascending |inb of the hydrograph (Tyus 1987, Tyus and Karp 1989, USFWS
1998, Ryden 2001b) and Col orado pi kem nnow spawn on the descending |inmb of
t he hydrograph (e.g., Vanicek and Kraner 1969, Hanman 1981, Haynes et al
1984, Tyus 1990, McAda and Kaedi ng 1991, Holden 1999). The decline of these
two species over tine (e.g., MIler 1961, Hol den and Stal naker 1975, Myl e
1976, McAda and Wdoski 1980, M nckley 1983, MAda 1987, Tyus 1987, Marsh and
M nckl ey 1989, Tyus 1991, Gsnundson and Burnham 1998) and their struggle to
carry out basic life history functions in today' s highly nodified river
systens argues for a return to as natural an environment as can be
practically achieved, the | argest conponent of which is a natural flow regine
(Hol den 1999).

Col or ado Pi keni nnow

Col l ections of wild adult Col orado pi kemi nnow have been extrenely rare
since 1995. Stocked juvenile Col orado pi kem nnow conti nue to be recaptured,
but nunbers recaptured in 2000 and 2001 were nuch | ower than in previous
years (i.e., 1996-1999). It is evident that sone small percentage (relative
to total nunbers stocked) of stocked juvenile Col orado pi kem nnow continue to
persist and grow in the San Juan River and the likelihood that at |east a few
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of these fish will recruit and becone spawning adults seens good. However,
the reason for the rather severe drop-off in nunmbers of stocked fish
recaptured in 2000-2001 as conpared to previous years is unknown. |t seens
pl ausi bl e that some stocked juvenile Col orado pi kem nnow were |lost to striped
bass predation in the sumrer of 2000. Wile there is no direct evidence of
this, striped bass are known to prey on synpatric native fishes, sone as
large as 280 nm TL (SJRI P integrated database). Furthernore, Col orado

pi kem nnow st ocked between 1996 and 1998 woul d have grown to a sufficient
size that they woul d have becone obligate piscivores by sunmer 2000 and very
likely woul d have been occupying the sane types of habitats as adult striped
bass to pursue their prey. The size ranges (TL in m) observed for
recaptured individuals woul d place many of themw thin the size range

vul nerable to striped bass predati on and any overlap in habitat use between
these two species would increase the chances of young Col orado pi keni nnow
bei ng eat en.

Adult Col orado pi kem nnow stocked at RM 180.2 in April 2001 were
recaptured fairly frequently Reach 6 between the PNM Wi r and Hogback
Di version (RM 166. 6-158.6) by nonnative fish renoval crews in 2001 (n = 15).
However, no stocked adult Col orado pi kemi nnow were col | ected between the
stocking site (RM 180.2) and the PNM Weir in 2001. Only one stocked adult
was col |l ected downstream of Hogback Diversion (RM 158.6), at RM 155. 3.

Only tine will tell if adult Col orado pi kemi nnow stocked in 2001 will
survive long-term However, in the short-term their survival has been nuch
better than the 49 adult fish stocked in 1997. Both groups of stocked adults
were small for their age and in |less than perfect health when stocked. To
date, there has not yet been (what | would consider) a good experinent done
wi th stocking | arger size-class Col orado pi keninnow into the San Juan River.

Among early life stage Col orado pi kem nnow stocked between 1996 and
2000, fish stocked as |large age-0 fish (i.e., nean TL = 55 nm) in the fal
seened to survive at much higher rates than did those stocked as larvae in
June and July. However, after these fish reached about 350 mm TL, they
essentially di sappeared fromnonitoring collections. It remains to be seen
whet her these fish have conpletely di sappeared fromthe fish conmunity or
whet her they are just particularly hard to sanple at that size and will
reappear in sanples as adult fish at sone |ater date. An augnentation plan
for Col orado pi kemi nnow was finalized in 2003 (Ryden 2003a). Under the
direction of this stocking plan, 200,000 to 300,000 age-0 Col orado pi kem nnow
(mean TL > 50 mMm) will be stocked annually in |late October or early Novenber
for eight years beginning in fall 2002 (Ryden 2003a).

Razor back Sucker

St ocked razorback sucker continue to persist throughout the San Juan
River. Unfortunately, due to difficulties in obtaining and rearing razorback
sucker for stocking, many fewer razorback sucker have been stocked than were
originally planned (Ryden 1997, 2000c, 2001b). However, the conparatively
few razorback sucker that have been stocked continue to grow and have
successfully spawned for four straight years. Larval razorback sucker were
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col lected in 1998, 1999, 2000, and 2001 (S. Platania pers. conm) and
suspect ed spawni ng aggregati ons of razorback sucker were identified near
Aneth, UT (at RM 100.2) in May 1997, April 1999, and April 2001 (Ryden 2000c,
2001b). An unknown nunber of razorback sucker that washed out of G o Pond in
August 1998, have survived and are now resident in the San Juan River.
Several stocked razorback sucker have al so been recaptured downstreamin Lake
Powel I, in areas that were known to be frequented by wld razorback sucker
(i.e., Piute Farnms) in the late 1980's (Pl atania 1990, Ryden 2000c, 2001b, G
Muel  er pers. conm).

Based on the nunbers stocked versus numbers recaptured, stocked
razor back sucker have had nuch hi gher survival post-stocking than have
stocked Col orado pi kemi nnow in the San Juan River. One reason for this may
be their size at tinme of stocking. Razorback sucker stocked at |arger sizes
(> 300 nm TL) have survived nuch better than razorback sucker stocked at
snal | er sizes (Ryden 2001b). A few large, adult Col orado pi kem nnow have
been stocked into the San Juan River in recent years (49 in 1997 and 148 in
2001). However, the few adult pikem nnow that were stocked were in fairly
poor health (e.g., small for their age, skinny {i.e., low condition factor},
infested with “ich”) when stocked. Thus trying to conpare their survival
rates to that of large (> 300 mm TL), healthy razorback sucker post-stocking
is problematic.

Roundt ai|l Chub

Roundt ail chub collections continue to be very rare in San Juan River.
No roundtail chub were collected on either 2000 or 2001 adult nonitoring
trips and only two were collected during 1999 adult nonitoring. There
appears to be no resident roundtail chub population in the nainstem San Juan
Ri ver, as m ght be docunented by regul ar recaptures of previously PIT-tagged
fish or by popul ation | ength-frequencies that woul d indicate recruitnment.
Only a very few, scattered adult fish appear to be resident in the mainstem
San Juan River. The few juvenile roundtail chub collected in the mainstem
river appear to be transients, rarely if ever recruiting into adul thood.

Common Native Fishes

FI annel nout h Sucker

Ri verwi de, flannel nouth sucker total CPUE was significantly higher from
1999- 2001 than during the [ owest two years, 1997 and 1998. The decline in
fl annel nouth sucker total CPUE in Reaches 5-3 (the area of the San Juan R ver
in which the magjority of flannel nouth sucker popul ati on occurs) observed
bet ween 1992 and 1997-1998 has ceased. Total CPUE values for flannel mouth
sucker in Reaches 5 and 4 were both significantly higher in 2001 than they
were in 1997 and the total CPUE for flannel nouth sucker in Reach 3 in 2001
was al so hi gher (though not significantly) than that observed in 1998.
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One explanation for the decline in flannel mouth sucker total CPUE in
Reaches 5-3 between 1992 and 1997- 1998 nay be found in the hydrograph. The
five largest discharge runoff periods during our studies all occurred during
t he six-year period 1992-1997. |In addition, the winter basefl ow periods of
1991- 1992, 1992-1993, and 1994- 1995 were three of the four nost perturbated
(based on nunber of storm spikes) since our studies began. Since river flows
represent a strong selective force, this conbination of many successive years
of relatively high flows and several winters of perturbated fl ows may have
acted to reduce flannel nouth sucker nunbers in Reaches 5-3.

Anot her possible factor in the observed decline mght include biologica
sanpling. Between 1991 and 1997, the “core sanpling area” from RM 158. 6-53. 0
was bei ng sanpled very heavily (in sone years al nost continuously from May to
Cct ober) by el ectrofishing, seining, and other methods. This intense
sanmpling pressure may have | ed to an unknown anmpount of delayed nortality
anong sanpl ed flannel nouth sucker. |If this is the case, since flannel nouth
sucker account for roughly half of all fish collected during adult
nonitoring, then it seens likely that any declines in total CPUE due to
del ayed nortality associated with sanpling would be greatest (and easiest to
detect over tinme) with this species. However, if this were the case, one
m ght reasonably expect that the declines in flannel nouth sucker total CPUE
woul d have conti nued beyond the 1997-1998 tine period, instead of
significantly reversing thensel ves.

The significant increases in juvenile and total CPUE observed in Reach 6
in 2000 were not evident again in 2001. It appears that nmany of the |arge
nunmber of age-0 juveniles from Reach 6 in 2000 nay have noved i nto downstream
reaches as age-1 fish in 2001, specifically into Reach 5, but also to a
| esser degree into Reaches 4, 3, and 2. This is evidenced by the relatively
| arge nunmber of flannel nouth sucker collected in the 176-275 mm TL si ze-
classes in 2001.

The reason for the large increase in age-0 flannel nouth sucker in Reach
6 in 2000 is not entirely clear. However, the explanation nay be found by
| ooki ng at the hydrograph from sumrer 1999 to fall 2000. The 1999 sumer
basef | ow period had a nuch hi gher volunme di scharge than any seen since our
studies began in 1991. This likely kept cobbl e-based habitats from degrading
(i.e., sedinenting in) as happens during nornal sunmer basefl ow periods due
to sumer storm spi kes followed by |ow fl ows which are unable to flush the
new y introduced sedi nents. This extrenely high discharge summer basefl ow
period was inmediately followed by one of the nost stable and nonperturbated
wi nter basefl ow periods (1999-2000) seen since our studies began in 1991.

Low, stable winter baseflows are characterized by low turbidity and high
primary productivity. These factors would have provided native flannel nouth
sucker good overw nter forage thus boosting their condition factor in
preparation for the com ng spring 2000 spawni ng season (unfortunately, no
spring 2000 data exist to verify this). A very successful spawning effort in
spring 2000 was then followed by a very | ow discharge runoff period (the
second | owest di scharge since 1991) which was in turn followed by | owest

di scharge sunmer basefl ow period since 1991. This |ow, stable, sumer
basefl ow peri od remai ned nonperturbated until m d-Septenber. This likely

al  owed high survival and little downstream di spl acenment of age-0

fl annel mouth sucker followed by a period of high primary productivity in the
river which contributed to their rapid growth and relatively high survival
into the fall 2000 sanpling period.
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Unfortunately, the invasion of the San Juan River by |arge nunbers of
striped bass (as far as 166.6 RM upstrean) in sunmer 2000 likely led to very
| arge predation | osses anpong young fl annel nouth sucker. During the July 2000
razor back sucker monitoring trip 279 striped bass were collected in only 15.8
RM of el ectrofishing. During the same trip, an alnost conpl ete absence of
“smal l er” flannel nouth sucker in collections was noted (pers. obs.). It is
likely that the | arge nunber of adult striped bass observed in sunmer 2000
adversely affected the survival of flannel mouth sucker < 300 mm TL in the
river sections where they occurred. Adult striped bass have been docunented
preyi ng upon flannel nouth sucker as large as 280 nm TL (SJRIP integrated
dat abase). The presence of the PNM Weir, which acts as an inpedi nent to
upstream fish novenents (Ryden 2000a), likely sheltered age-0 flannel mouth
sucker occurring upstreamof this barrier fromstriped bass predation in 2000
(Ryden 2001a).

However, there may be alternative explanations for the | arge nunber of
age-0 flannel mouth sucker collected in Reach 6 above the PNM Wir. One
alternative explanation (P. Holden, pers. comm) assumes that some condition
or set of conditions in Reach 6, upstream of the PNM Wir, was especially
beneficial to the comon | arge-bodied fish species that are spring spawners
(i.e., flannel nouth sucker, bluehead sucker, and comon carp). Relatively
| arge nunbers of age-0 fish of all three of these species were collected
upstream of the PNM Weir in 2000, with average or bel ow average nunbers of
age-0 fish of these species being collected in downstreamreaches. The other
common | arge-bodi ed fish species, channel catfish (a sumer spawner), did not
denonstrate the sane trend in nunbers or distribution of age-0 fish. It is
possi bl e that some beneficial condition or set of conditions favored
successful spring spawning of these three fishes upstreamof the PNM Weir in
2000, but did not benefit channel catfish either because conditions had
changed by sunmmer 2000, or because channel catfish do not occur in sufficient
nunbers upstream of the PNM Weir to have benefitted fromthis supposed set of
beneficial conditions.

The declining total CPUE of flannel nouth sucker in Reach 1, inmediately
adj acent to Lake Powel |, and the al nost conpl ete di sappearance of snall size-
class flannel nouth sucker fromthis river reach may be directly related to
nonnative predators. This decline first becane apparent in our data sets in
June 1996, a little over a year after the waterfall separating Lake Powel |
and the San Juan R ver was inundated, allow ng nonnative predatory fishes
uni npeded access into the lower San Juan River for the first tinme since 1986.
There is a significant negative correlation between flannel nouth sucker tota
CPUE and the amobunt of tine (in nmonths) that Reach 1 has been exposed to Lake
Powel | .

This same trend may be taking place in Reach 2 as well, as evidenced by
the significant declines in total and juvenile CPUE between 1995 and 2001
Striped bass, walleye, and the ubiquitous channel catfish have all been
docunented to prey on flannel nouth sucker (Brooks et al. 2000, Ryden 2000a)
and the majority of walleye and (up until sumrer 2000) striped bass were
collected in Reach 1 and adj acent Reach 2 (Ryden 2000a). All of the above
data fornms a conpelling circunstantial argunent to say that nonnative
predatory fishes are a detrinent to the native fish comunity, even affecting
speci es as abundant as the flannel mouth sucker
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However, like the situation in Reach 6, alternative expl anations nay
apply to the virtual disappearance of flannel mouth sucker from Reach 1. Over
the | ast several years, The San Juan River in Reach 1 has accunul ated an
extremely heavy sedinent load (R Bliesner pers. conm). This accunul ation
of sedi nent may have had a drastic enough effect on the productivity of this
reach to reduce the forage base to a point where flannel mouth sucker (and
ot her species) could no longer find sufficient forage, causing themto vacate
t he reach.

Bl uehead Sucker

Bl uehead sucker in the San Juan River tend to be concentrated in

upstream reaches of the river, specifically Reach 6 in our study area. In

nost years, bluehead sucker total CPUE in Reach 6 is twice as high (sonetines
as nmuch as three tines as high, e.g., in 1999 and 2000) as in adjacent Reach
5, where they are next nost abundant. |n 1999, bluehead sucker total CPUE in

Reach 6 was the highest that had ever been observed in that reach, to date.
In 2000, bl uehead sucker total CPUE in Reach 6 increased yet again. Like

fl annel mouth sucker, the majority of age-0 bluehead sucker collected in Reach
6 during 2000 adult nonitoring were collected upstreamof RM 166.6 and were
probably also sheltered fromstriped bass predation by the presence of the
PNM Weir. As with flannel nouth sucker, “smaller” bluehead sucker were
essentially absent fromelectrofishing collections during the July 2000

razor back sucker monitoring trip (pers. obs.). Al though bl uehead sucker
occur in lesser nunbers in Reaches 4-2 than do flannel nouth sucker, they are
still common enough that they were probably affected adversely by the
presence of |arge nunbers of adult striped bass during sunmer 2000. While
there is no docunentation to date of striped bass preying upon bl uehead
sucker, the fact that striped bass will consune both synmpatric flannel nouth
sucker and speckl ed dace woul d argue that at |east sone predation on bl uehead
sucker occurs when striped bass are present. However, as was discussed with
fl annel nouth sucker, the alternative explanation for the |arge nunber of age-
0 bl uehead sucker in Reach 6 above the PNM Weir (P. Hol den, pers. comm), may
al so apply here.

In the last two years the bl uehead sucker population riverw de has
becorme nunerically domi nated by smaller size-class fish. Juvenile bl uehead
sucker CPUE declined significantly in Reach 6 between 2000 and 2001. At the
same time, juvenile bluehead sucker CPUE increased significantly in Reaches
4-2. In fact, juvenile (and total) bluehead sucker CPUE in 2001 was the
hi ghest ever observed for those reaches. Like flannelmouth sucker, it
appears that young bl uehead sucker observed in upper Reach 6 in 2000 may have
noved i nto downstream reaches where they were collected in 2001. This is
supported by an increase in bluehead sucker mean TL in Reach 6 in 2001 and a
correspondi ng decrease in bluehead sucker nean TL in downstream Reaches 5-2
in 2001. Juvenile bluehead sucker appeared to have grown about 100 mm
bet ween October 2000 (age-0 fish) and Cctober 2001 (age-1 fish).

Adult bl uehead sucker CPUE al so dropped significantly in Reaches 6-4
bet ween 2000 and 2001. However, the reason for this observed decline is not
obvious at the noment. Riverw de, bluehead sucker total CPUE was not
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significantly different in 2001 than it was in five of the six preceding
years and the percent of the total catch made up by bl uehead sucker has not
changed nmarkedly since 1996, staying between 10.7% and 16. 6% of the total
cat ch.

Bl uehead sucker exhibit popul ation trends independent of those observed
anong synpatric flannel nouth sucker. This is logical, given the two species
often occupy different habitats, w th bluehead sucker being nore closely
associ ated with cobbl e-donmi nated habitats such as riffles, whereas
fl annel mout h sucker tend to be nore of a generalist species, being found in
al nrost all habitat types that occur in the San Juan River. Also, bluehead
sucker are nore limted in their longitudinal distribution than are
fl annel mout h sucker. Thus the factors that affect flannel nouth sucker may
affect bl uehead sucker differently or not at all.

Common Nonnati ve Fi shes

Channel Catfish

Ri verwi de, channel catfish total CPUE increased significantly from 1996-
2001. This is mainly due to increased nunbers of juvenile channel catfish
over the last three years riverwide. Overall channel catfish CPUE trends in
i ndi vi dual reaches are extrenely variable and hard to interpret. However, it
i s apparent that nunbers of channel catfish have increased fairly
dramatically: in Reach 5 (both juvenile and adults) since 1994; in Reach 4
(juveniles) since 1998; and in Reach 2 (juveniles) since 1997.

Li ke CPUE, channel catfish nmean TL trends are al so highly variable.
However, there has been a generalized downward trend in mean TL in Reaches 6
and 3-1 over the entire sanpling period (i.e., from 1991 on). However, if
data sets are cropped to begin at 1996 (i.e., when nonnative fish renoval
began), the declining trends in nmean TL becone nmuch | ess clear or disappear
altogether. Thus it is hard to definitely tie declining nean TL trends anpng
channel catfish to nonnative fish renoval efforts. Yet, while nean TL graphs
for channel catfish remain hard to interpret, riverw de | ength-frequency
hi stograns do show that channel catfish > 525 nm TL have become nuch | ess
conmon in electrofishing collections since 1996. This is probably directly
attributable to nonnative fish renoval efforts.

In 2001, it was thought that the significant increases seen in juvenile
bl uehead sucker CPUE in | ower Reach 6 (RM 166.6-158.6) in 1999 and in
juvenile flannel mouth sucker CPUE in | ower Reach 6 in 2000 were directly
correlated with the mechani cal renoval of channel catfish fromthis section
of river. Nonnative fish renmpval crews were collecting very few channel
catfish on late winter/early spring sanpling trips and the nean TL of those
fish was snmaller than it had been in past years (J. Davis, pers. comm).

Then in 2001, channel catfish total CPUE in Reach 6 increased to highest
val ue ever observed. Channel catfish mean TL in Reach 6 also increased. In
both 2001 and 2002, channel catfish FLOY-tagged downstream of the new y-
conpl et ed Hogback Diversion fish passage structure (a non-sel ective fish
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passage) were recaptured upstreamin | ower Reach 6 (J. Davis, pers. conm).
This indicates that | ower Reach 6 may be getting recol onized regularly by
fish moving upstream from Reach 5. Based on CPUE val ues, Reach 5 presently
harbors the | argest numbers of channel catfish present in any reach in the
San Juan River. Therefore, until nunbers of channel catfish have been
greatly reduced in both | ower Reach 6 and adjacent Reach 5, it is unlikely
that any long-lasting positive effects on the flannel nouth and bl uehead
sucker populations in |ower Reach 6 will be readily apparent.

Unli ke the other three comon | arge-bodied fishes in the San Juan River,
| arge nunbers of age-0 channel catfish were not collected in Fall 2000
sanpling. However, in Fall 2001 collections, a very |large cohort of 126-150
mm TL (age-1) channel catfish were observed, accounting for over 15% of al
sanpl ed channel catfish riverwide. |t appears that |like the other three
conmon | arge-bodi ed fishes, channel catfish also had a highly successfu
spawni ng effort during the lowflow, clear-water conditions present in the
sumer of 2000. But, since channel catfish are sumer spawners (not spring
spawners |i ke flannel nouth sucker, bluehead sucker, and conmon carp) their
2000 year-cl ass progeny were apparently too small to be adequately sanpl ed
via electrofishing in Fall 2000.

Comon Car p

Common carp total CPUE riverw de has not changed significantly in the
| ast five years. Like channel catfish, comon carp CPUE trends are highly
variable in individual reaches. However, unlike channel catfish, conmon carp
total CPUE trends tend to al nost exactly mirror CPUE trends for adult common
carp. This is because adult common carp are by far the nbst comonly
collected Iife-stage. However, there are two trends observed anmong conmon
carp that are of interest. First, the decreasing (though not statistically
significant) trend in adult common carp CPUE in Reach 6, specifically in
| ower Reach 6 (RM 166. 6-158.6) over the last six years nmay be directly
related to nonnative fish renoval efforts. |If so, this would be the first
evi dence ever collected that would indicate that fisheries nanagers could
have an inpact on the San Juan River common carp population. Only further

nonitoring will tell. Second, the significant increase in comon carp tota
CPUE in Reach 1, adjacent to Lake Powell, since 1993 is likely tied to conmon
carp invading the | ower San Juan River from Lake Powell. As habitats in the

| ower river become nore and nore enbedded and margi nal for species such as
fl annel mout h sucker, common carp nmay be taking advantage of their ability to
thrive where other species cannot.

As was the case with native flannel nouth sucker and bl uehead sucker
| arge nunmbers of age-0 common carp were collected in Reach 6 in 2000, the
majority of which were collected upstreamof the PNM Wir. At the sane tine,
adult common carp CPUE in Reach 6 was the | owest ever observed in this reach
during a fall nonitoring trip. It seens probable that the sanme factors that
contributed to the presence of |arge nunbers of age-0 native suckers in 2000
(di scussed previously) were likely also responsible for the | arge nunber of
age-0 comon carp observed in fall 2000.
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O her Nonnati ve Fishes

Lar genout h Bass

There are usually very few | argenputh bass collected in the San Juan
Ri ver during adult monitoring trips. This was the case again in 2001, when
only two largenouth were collected in the San Juan River. However, in 2000,
| argenout h bass were nuch nore comon in adult nonitoring collections. G ven
that nost of the | argenobuth bass collected in 2000 occurred upstream of RM
100.0 and that nobst of themwere juveniles, it would appear that these fish
are entering the San Juan River from upstream sources (rmuch |ike roundt ai
chub). Largenouth bass (nostly juveniles) have been collected in Reaches 6
and 5 in past years, usually in or near the nmouths of irrigation return
canals. O f-channel ponds linked to these irrigation return canals may be
the source of these fish. Low, clear flows and a stabl e hydrograph
t hr oughout spring and summer 2000 may have contributed to a higher-than-usua
survival rate of juvenile |argenmouth bass once they entered the river.

Despite nunbers of |argemouth bass collected in 2000 bei ng markedly
hi gher than in previous years, when conpared to other fish species in the
river, the percent of the fish comunity conmposed by this species was stil
very low. However, while juvenile | argenouth bass are not an overwhel m ng
threat to native fishes by thenselves, they are just one nore stressor in a
system al ready heavily laden with stressors. Juvenile and adult |argenouth
bass are known to prey on native speckl ed dace (SJRIP integrated database),
and will place predation pressures on synpatric native species when they are
present (Lentsch et al. 1996, Tyus and Saunders 1996). G ven the stockings
of age-0 Col orado pi kem nnow schedul ed to take place in Reaches 6 and 5 over
t he next eight years (Ryden 2003a), it is possible that |argenouth bass coul d
prey on these stocked endangered fish (Lentsch et al. 1996, Tyus and Saunders
1996) .

Striped Bass

Li ke | argenouth bass, only two striped bass were collected in the San
Juan River in 2001. However, striped bass are a problemin the San Juan
River, albeit on an intermttent basis. The nunbers of this particular
predator found at any given time in the San Juan River are usually very | ow.
Yet, even one striped bass in the river represents the loss of native fish
t hrough predation (SJRIP integrated database, Lentsch et al. 1996, Tyus and
Saunders 1996). Striped bass have been documented preying upon common fish
speci es, both native and nonnative, in the San Juan River (SJRI P integrated
dat abase). Data collected during the July 2000 razorback sucker nonitoring
trip (i.e., absence of small native suckers in electrofishing collections
conbi ned with common native and nonnative fishes docunmented in striped bass
stomachs; Ryden 200l1a) and during the October 2000 adult nonitoring trip
(i.e., the skewed distribution of age-0 flannel nouth sucker, bluehead sucker
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and common carp occurring |largely upstream of the PNM Wir, where striped
bass did not occur in sumrer 2000) indicates adult striped bass likely
cropped | arge nunbers of juvenile, comon fishes during sumer 2000. There
is no reason to believe that rare native fishes occupying the sane habitats
as adult striped bass would not be eaten as well. Just because rare fish are
| ess abundant and predation on themis that nuch harder to docunent, does not
nean it doesn't occur. This beconmes an issue of concern to the SIRIP as
significant financial and manpower resources are being shifted towards
stocking efforts for Col orado pi kem nnow and razorback sucker. [|If influxes
of large nunmbers of striped bass from Lake Powel|l occur with any regularity
(as was observed in sumer 2000), whol e stockings of endangered fish could be
af fected

The quandary that the SIRIP finds itself inis that there are few
renedi al actions that can be taken to address this problem Mechanica
renoval efforts can be intensified when striped bass invasions are identified
and angler bag limts on striped bass in the mai nstem San Juan R ver and Lake
Powel I can be rempved, but realistically, there is little else that can be
done.

Wal | eye

Li ke | argenout h bass and striped bass, walleye are usually present in
the San Juan River only in | ow nunbers. This was the case again in 2001 when
only one wal |l eye was collected . However, like striped bass, walleye possess
the ability to consune both early life-stage and larger juvenile native
fishes (SJRIP integrated database). Like Col orado pi kem nnow, walleye are
excl usi vel y and aggressively piscivorous (at > age-1; S. Ross pers. comm),
thus bringing theminto potential conpetition with Col orado pi keni nnow for
food resources. In addition, walleye will consune other predatory fishes
(pers. obs.). Walleye stomachs collected fromthe San Juan River and Lake
Powel | contai ned | argemouth bass remains (310 nm SL) as well as those of
channel catfish (40-85 mm TL; unpublished data).

Wil e the conpetition and predation pressures placed on Col orado
pi kem nnow by walleye in the San Juan River nmay be snmall due to their | ow
nunbers, walleye, |ike |argenouth bass represent another stressor on native
fish populations in a highly nodified river systemalready heavily |aden with
stressors.
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PO NTS FOR DATA | NTEGRATI ON

VWhat was it about cal endar year 2000 that allowed all four conmon,

Iarge bodi ed fishes to have such a successful spawning effort?

Did the unusually high flows in August and Septenber 1999

conbined with a nonperturbated winter in 1999-2000 prepare

extrenely favorabl e spawning conditions for all common fish

speci es?

Did the lowflow, clear-water conditions of spring and sunmer

2000 enhance survival of age-0 fish well beyond what woul d be

expected in a nore “normal” year?

Can the decline in flannel mouth sucker CPUE in Reaches 1 and 2 since

1995 be tied to habitat degradation (i.e., deposition of sedinments)?

What factors can be identified to help explain the dramatic drop-off in

Col orado pi kem nnow CPUE after fall 19987

Is there any way to back-cal cul ate spawni ng dates for razorback sucker?

“ Could this possibly be tied to Steve Platania’s drift research to
hel p determ ne where in the river larval razorback sucker were
spawned?

Is the increase in smaller size-class channel catfish observed in adult

nonitoring over the [ast several years reflected in small-bodied fish

noni tori ng data?

Is there an alternate explanation (i.e., other than nechanical renoval

efforts) for the decreasi ng CPUE observed for comon carp in | ower

Reach 6 (RM 166. 6-158. 6) ?

Is there a way to manipulate flows to help keep turbidity at a | evel

that will suppress nunmbers of |argenouth bass, striped bass, and

wal | eye in the San Juan River?
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APPENDI X A

Results of statistical tests perfornmed to detern ne whether or not
significant differences existed between various population netrics (i.e.,
catch per unit effort, mean total |ength, mean biomass, and nmean condition
factor) anong years, both riverw de and anong i ndivi dual geonor phic reaches,
for the four common | arge-bodied fishes in the San Juan River, 1991-2001.



Tabl e Ala.

One-way ANOVA statistics and matrix of Bonferroni-adjusted

pai rwi se conparisons of juvenile flannel nouth sucker CPUE data, in
the San Juan River, RM 180.0-0.0, Cctober 1996 to Cctober 2001

(p <0.10 =* =statistically significant relationship). Values
inthe matrix are the p-values for between-year comnparisons.

One-way ANOVA: F-statistic = 8.151, r? = 0.020, p = 0.000*

Bonferroni matrix:
1996 1997 1998 1999 2000 2001

1996 1. 000

1997 0. 025* 1.000

1998 0. 000* 1.000 1. 000

1999 0. 004* 1.000 1. 000 1. 000

2000 1. 000 0. 004* 0.000* 0.001* 1.000

2001 1. 000 1. 000 0. 096* 0.543 0. 686 1. 000
Tabl e Alb. One-way ANOVA statistics and matrix of Bonferroni-adjusted

pai rwi se conparisons of adult flannel mouth sucker CPUE data, in
the San Juan River, RM 180.0-0.0, Cctober 1996 to COctober 2001
(p <0.10 = * = statistically significant relationship). Values
inthe matrix are the p-values for between-year conparisons.

One-way ANOVA: F-statistic = 25.389, r?2 = 0.061, p = 0.000*

Bonferroni matrix:
1996 1997 1998 1999 2000 2001

1996 1. 000

1997 0.038* 1.000

1998 1. 000 0.012* 1.000

1999 0. 000* 0.000* 0.000* 1.000

2000 0.037* 0.000* O0.217 0. 000* 1.000

2001 0.048* 0.000* 0.251 0. 000* 1.000 1. 000
Table Alc. One-way ANOVA statistics and matrix of Bonferroni-adjusted

pai rwi se conparisons of total (juvenile + adult) flannel nouth
sucker CPUE data, in the San Juan River, RM 180.0-0.0, October
1996 to Cctober 2001 (p < 0.10 = * = statistically significant

rel ationship). Values in the matrix are the p-values for between-
year comnparisons.

One-way ANOVA: F-statistic = 9.966, r2 = 0.025, p = 0.000*

Bonf err oni

matri x:
1996 1997 1998 1999 2000 2001
1996 1. 000
1997 0.003* 1.000
1998 0. 054* 1.000 1. 000
1999 1. 000 0. 000* 0.001* 1.000
2000 0. 601 0. 000* 0.000* 1.000 1. 000
2001 1. 000 0. 002* 0.028* 1.000 1. 000 1. 000




Tabl e A2a.

One-way ANOVA statistics and matrix of Bonferroni-adjusted

pai rwi se conparisons of juvenile flannel nouth sucker CPUE data, in
the San Juan River, Reach 6 (RM 180.0-155.0), October 1996 to
Cctober 2001 (p < 0.10 = * = statistically significant
relationship). Values in the matrix are the p-values for between-
year comnparisons.

One-way ANOVA: F-statistic = 22.212, r2 = 0.341, p = 0.000*

Bonferroni matrix:
1996 1997 1998 1999 2000 2001

1996 1. 000

1997 1. 000 1. 000

1998 1. 000 1. 000 1. 000

1999 1. 000 1. 000 1. 000 1. 000

2000 0. 000* 0.000* 0.000* 0.000* 1.000

2001 1. 000 1. 000 1. 000 1. 000 0. 000* 1.000
Tabl e A2b. One-way ANOVA statistics and matrix of Bonferroni-adjusted

pai rwi se conparisons of adult flannel mouth sucker CPUE data, in
the San Juan River, Reach 6 (RM 180.0-155.0), October 1996 to

Oct ober 2001 (p < 0.10 = * = statistically significant
relationship). Values in the matrix are the p-values for between-
year conpari sons.

One-way ANOVA: F-statistic = 7.381, r2 = 0.147, p = 0.000*

Bonferroni matrix:
1996 1997 1998 1999 2000 2001

1996 1. 000

1997 1. 000 1. 000

1998 1. 000 1. 000 1. 000

1999 0.000* 0.000* 0.000* 1.000

2000 1. 000 1. 000 1.000 0.010* 1.000

2001 1. 000 1. 000 1.000 0.000* 1.000 1. 000
Table A2c. One-way ANOVA statistics and matrix of Bonferroni-adjusted

pai rwi se conparisons of total (juvenile + adult) flannel nmouth
sucker CPUE data, in the San Juan River, Reach 6 (RM 180.0-155.0),
Cctober 1996 to Cctober 2001 (p < 0.10 = * = statistically
significant relationship). Values in the matrix are the p-val ues
for between-year conparisons.

One-way ANOVA: F-statistic = 18.402, r2 = 0.300, p = 0.000*

Bonf err oni

matri x:
1996 1997 1998 1999 2000 2001
1996 1. 000
1997 1. 000 1. 000
1998 1. 000 1. 000 1. 000
1999 1. 000 0. 157 0. 154 1. 000
2000 0. 000* 0.000* 0.000* 0.000* 1.000
2001 1. 000 1. 000 1. 000 0.074* 0.000* 1.000




Tabl e A3a. One-way ANOVA statistics and matrix of Bonferroni-adjusted pairw se
conpari sons of juvenile flannel mouth sucker CPUE data, in the San Juan
Ri ver, Reach 5 (RM 155.0-131.0), Cctober 1994 to Cctober 2001 (p <
0.10 = * = statistically significant relationship). Values in the
matrix are the p-values for between-year conparisons.

One-way ANOVA: F-statistic = 16.400, r2?2 = 0.244, p = 0.000*
Bonferroni matri x:
1994 1995 1996 1997 1998 1999 2000 2001

1994 1. 000

1995 1. 000 1. 000

1996 1. 000 1. 000 1. 000

1997 0. 000* 0.000* 0.012* 1.000

1998 0. 000* 0.000* 0.036* 1.000 1. 000

1999 0.531 1. 000 1. 000 0. 993 1. 000 1. 000

2000 1. 000 1. 000 1. 000 0. 035* 0.073* 1.000 1. 000

2001 0. 000* 0.000* 0.000* 0.000* 0.000* 0.000* 0.000* 1.000

Tabl e A3b. One-way ANOVA statistics and matri x of Bonferroni-adjusted pairw se
conpari sons of adult flannel mouth sucker CPUE data, in the San Juan
Ri ver, Reach 5 (RM 155.0-131.0), Cctober 1994 to October 2001 (p <
0.10 = * = statistically significant relationship). Values in the
matri x are the p-values for between-year conparisons.

One-way ANOVA: F-statistic = 13.377, r2 = 0.209, p = 0.000*
Bonferroni matri x:
1994 1995 1996 1997 1998 1999 2000 2001

1994 1.000
1995 0.000* 1.000
1996 0.873 0.608 1. 000
1997 0.000* 1.000 0.026* 1.000
1998 1.000 0.015* 1.000 0.000* 1.000
1999 1.000 0.001* 0.791 0.000* 1.000 1.000
2000 0. 042* 0.000* 0.000* O0.000* 0.004* 0.605 1. 000
2001 1.000 0.039* 1.000 0.002* 1.000 1.000 0.041* 1.000
Tabl e A3c. One-way ANOVA statistics and matri x of Bonferroni-adjusted pairw se

conparisons of total (juvenile + adult) flannel nouth sucker CPUE
data, in the San Juan River, Reach 5 (RM 155.0-131.0), Cctober 1991
to Cctober 2001 (p < 0.10 = * = statistically significant
relationship). Values in the matrix are the p-values for between-
year conpari sons.

One-way ANOVA: F-statistic = 42.056, r2 = 0.427, p = 0.000*
Bonferroni matri x:
1991 1992 1993 1994 1995 1996 1997 1998 1999 2000 2001

1991 1.000

1992 0.000* 1.000

1993 1.000 0.000* 1.000

1994 0.000* 0.000* 0.090* 1.000

1995 0.000* 0.000* 0.000* 0.982 1.000

1996 0.000* 0.000* 0.000* 1.000 1.000 1.000

1997 0.000* 0.000* 0.000* 0.000* 1.000 0.300 1.000

1998 0.000* 0.000* 0.000* 0.854 1.000 1.000 1.000 1.000

1999 0.002* 0.000* 0.116 1.000 1.000 1.000 0.156 1.000 1. 000

2000 0.499 0.000* 1.000 1.000 0.344 1.000 0.000* 0.293 1. 000 1. 000
2001 1.000 0.000* 1.000 1.000 0.037* 0.268 0.000* 0.035* 1.000 1. 000 1. 000




Tabl e Ada. One-way ANOVA statistics and matrix of Bonferroni-adjusted pairw se
conpari sons of juvenile flannel mouth sucker CPUE data, in the San Juan
Ri ver, Reach 4 (RM 131.0-106.0), Cctober 1994 to Cctober 2001 (p <
0.10 = * = statistically significant relationship). Values in the
matrix are the p-values for between-year conparisons.

One-way ANOVA: F-statistic = 12.884, r2? = 0.165, p = 0.000*
Bonferroni matri x:
1994 1995 1996 1997 1998 1999 2000 2001

1994 1. 000

1995 1. 000 1. 000

1996 0. 000* 0.001* 1.000

1997 0. 000* 0.000* 1.000 1. 000

1998 0. 000* 0.000* 0.319 0. 523 1. 000

1999 0. 000* 0.078* 1.000 1. 000 0. 135 1. 000

2000 0. 006* 0.562 1. 000 1. 000 0. 030* 1.000 1. 000

2001 0.123 1. 000 1. 000 0. 562 0. 001* 1.000 1. 000 1. 000

Tabl e Adb. One-way ANOVA statistics and matri x of Bonferroni-adjusted pairw se
conpari sons of adult flannel mouth sucker CPUE data, in the San Juan
Ri ver, Reach 4 (RM 131.0-106.0), Cctober 1994 to October 2001 (p <
0.10 = * = statistically significant relationship). Values in the
matri x are the p-values for between-year conparisons.

One-way ANOVA: F-statistic = 35.442, r?2 = 0.353, p = 0.000*
Bonferroni matri x:
1994 1995 1996 1997 1998 1999 2000 2001

1994 1.000
1995 0.000* 1.000
1996 0. 000* O0.820 1. 000
1997 0.000* 1.000 0.219 1. 000
1998 0.000* 0.038* 1.000 0.008* 1.000
1999 1.000 0.000* O0.000* 0.000* O0.000* 1.000
2000 1.000 0.000* O0.000* 0.000* 0.001* 1.000 1.000
2001 0. 046* 0.000* 0.006* 0.000* 0.492 0.031* 1.000 1.000
Tabl e Adc. One-way ANOVA statistics and matri x of Bonferroni-adjusted pairw se

conparisons of total (juvenile + adult) flannel nouth sucker CPUE
data, in the San Juan River, Reach 4 (RM 131.0-106.0), Cctober 1991
to Cctober 2001 (p < 0.10 = * = statistically significant
relationship). Values in the matrix are the p-values for between-
year conpari sons.

One-way ANOVA: F-statistic = 30.527, r2 = 0.317, p = 0.000*
Bonferroni matri x:
1991 1992 1993 1994 1995 1996 1997 1998 1999 2000 2001

1991 1.000

1992 1.000 1.000

1993 1.000 1.000 1.000

1994 0.029* 0.071* 1.000 1.000

1995 0.000* 0.000* 0.000* 0.000* 1.000

1996 0.000* 0.000* 0.000* 0.000* 1.000 1.000

1997 0.000* 0.000* 0.000* 0.000* 0.696 1.000 1.000

1998 0.000* 0.000* 0.000* 0.000* 1.000 1.000 1.000 1.000

1999 0.000* 0.000* 0.087* 1.000 0.639 0.027* 0.000* 0.005* 1.000

2000 0.000* 0.000* 0.032* 1.000 1.000 0.147 0.002* 0.029* 1.000 1. 000
2001 0.000* 0.000* 0.005* 0.275 1.000 0.448 0.009* 0.092* 1.000 1. 000 1. 000




Tabl e

Aba.

One-way ANOVA statistics and matrix of Bonferroni-adjusted pairw se
conpari sons of juvenile flannel nouth sucker CPUE data, in the San Juan
Ri ver, Reach 3 (RM 106.0-68.0), Cctober 1994 to Cctober 2001 (p < 0.10
= * = statistically significant relationship). Values in the matrix
are the p-values for between-year conparisons.

One-way ANOVA: F-statistic = 34.945, r2 = 0.252, p = 0.000*

Bonferroni matri x:
1994 1995 1996 1997 1998 1999 2000 2001

1994 1. 000

1995 0. 000* 1.000

1996 0. 000* 0.000* 1.000

1997 0. 000* 0.000* 1.000 1. 000

1998 0. 000* 0.000* 0.849 0.528 1. 000

1999 0. 000* 0.000* 0.275 0.170 1. 000 1. 000

2000 0. 000* 0.000* 1.000 1. 000 1. 000 1. 000 1. 000

2001 0.001* 0.000* 1.000 1. 000 1. 000 0.577 1. 000 1. 000
Tabl e A5b. One-way ANOVA statistics and matri x of Bonferroni-adjusted pairw se

conpari sons of adult flannel mouth sucker CPUE data, in the San Juan
Ri ver, Reach 3 (RM 106.0-68.0), Cctober 1994 to Cctober 2001 (p <
0.10 = * = statistically significant relationship). Values in the
matrix are the p-values for between-year conparisons.

One-way ANOVA: F-statistic = 20.954, r?2 = 0.168, p = 0.000*

Bonferroni matrix:
1994 1995 1996 1997 1998 1999 2000 2001

1994 1. 000

1995 0. 000* 1.000

1996 1. 000 0.001* 1.000

1997 0. 000* 1.000 0. 208 1. 000

1998 1. 000 0.029* 1.000 1. 000 1. 000

1999 0. 005* 0.000* 0.000* 0.000* 0.000* 1.000

2000 1. 000 0. 000* 0.024* 0.000* 0.014* 1.000 1. 000

2001 0. 024* 0.000* 0.000* 0.000* 0.000* 1.000 1. 000 1. 000
Tabl e Abc. One-way ANOVA statistics and matri x of Bonferroni-adjusted pairw se

conparisons of total (juvenile + adult) flannel nouth sucker CPUE

data, in the San Juan River, Reach 3 (RM 106.0-68.0), October 1991 to
Cctober 2001 (p < 0.10 = * = statistically significant relationship).
Values in the matrix are the p-val ues for between-year conparisons.

One-way ANOVA: F-statistic = 20.472, r?2 = 0.170, p = 0.000*
rroni matrix:

Bonf e

1991
1992
1993
1994
1995
1996
1997
1998
1999
2000
2001

1991
000
000*
000
000
000
086*
005*
001*
709
450
000

POoCOoOORRERPROR

1992 1993 1994 1995 1996 1997 1998 1999 2000 2001

1. 000

0. 000* 1.000

0. 000* 0.302 1. 000

0. 000* 0.000* 1.000 1. 000

0.000* 1.000 0.012* 0.000* 1.000

0.000* 1.000 0.000* 0.000* 1.000 1. 000

0.000* 0.772  0.000* 0.000* 1.000 1. 000 1. 000

0.000* 1.000 0.244 0.001* 1.000 1. 000 1. 000 1. 000

0.000* 1.000 0.117 0.000* 1.000 1. 000 1. 000 1. 000 1. 000

0. 000* 1.000 1.000 0.084* 1.000 0.831 0.140 1. 000 1. 000 1. 000




Tabl e Aba.

One-way ANOVA statistics and matrix of Bonferroni-adjusted

pai rwi se conparisons of juvenile flannel nouth sucker CPUE data, in
the San Juan River, Reach 2 (RM 68.0-17.0), Cctober 1995 to
Cctober 2001 (p < 0.10 = * = statistically significant
relationship). Values in the matrix are the p-values for between-
year comnparisons.

One-way ANOVA: F-statistic = 55.592, r2 = 0.351, p = 0.000*
Bonferroni matrix:
1995 1996 1997 1998 1999 2000 2001

1995 1. 000

1996 0. 004* 1.000

1997 0. 000* 0.000* 1.000

1998 0. 000* 0.000* 1.000 1. 000

1999 0. 000* 0.000* 0.107 0. 007* 1.000

2000 0. 000* 0.000* 0.000* 0.000* 0.230 1. 000

2001 0. 000* 0.000* 0.082* 0.005* 1.000 0. 158 1. 000
Tabl e A6b. One-way ANOVA statistics and nmatrix of Bonferroni-adjusted

pai rwi se comparisons of adult flannel mouth sucker CPUE data, in
the San Juan River, Reach 2 (RM 68.0-17.0), Cctober 1995 to
Cctober 2001 (p < 0.10 = * = statistically significant
relationship). Values in the matrix are the p-values for between-
year conparisons.

One-way ANOVA: F-statistic = 10.872, r? = 0.096, p = 0.000*

Bonferroni matrix:
1995 1996 1997 1998 1999 2000 2001

1995 1. 000

1996 1. 000 1. 000

1997 1. 000 0. 158 1. 000

1998 1. 000 1. 000 0.519 1. 000

1999 0. 008* 0.440 0. 000* 0.213 1. 000

2000 0. 014* 0.000* 0.052* 0.000* 0.000* 1.000

2001 1. 000 1. 000 1. 000 1. 000 0. 023* 0.001* 1.000
Tabl e A6c. One-way ANOVA statistics and matrix of Bonferroni-adjusted

pai rwi se conparisons of total (juvenile + adult) flannel nouth
sucker CPUE data, in the San Juan River, Reach 2 (RM 68.0-17.0),
Cct ober 1993 and COctober 1995-2001 (p < 0.10 = * = statistically
significant relationship). Values in the matrix are the p-val ues
for between-year conparisons.

One-way ANOVA: F-statistic = 36.608, r? = 0.260, p = 0.000*

Bonf erron

1993
1995
1996
1997
1998
1999
2000
2001

matri x:
1993 1995 1996 1997 1998 1999 2000 2001
1. 000
0. 000* 1.000
0.001* 0.337 1. 000
0. 763 0. 000* 0.000* 1.000
1. 000 0. 000* 0.000* 1.000 1. 000
0. 156 0. 000* 0.000* 1.000 1. 000 1.000
0. 000* 0.000* 0.000* 0.000* 0.000* 0.000* 1.000
0.001* 0.000* 0.000* 1.000 0.032* 1.000 0.015* 1.000




Tabl e A7a.

One-way ANOVA statistics and matrix of Bonferroni-adjusted

pai rwi se conparisons of juvenile flannel nouth sucker CPUE data, in
the San Juan River, Reach 1 (RM 17.0-0.0), Cctober 1995 to October
2001 (p < 0.10 = * = statistically significant relationship).
Values in the matrix are the p-values for between-year

conpari sons.

One-way ANOVA: F-statistic = 30.248, r2 = 0.577, p = 0.000*

Bonferroni matrix:
1995 1996 1997 1998 1999 2000 2001

1995 1. 000

1996 0. 000* 1.000

1997 0. 000* 1.000 1. 000

1998 0.000* 0.079* 1.000 1. 000

1999 0. 000* 0.950 1. 000 1. 000 1. 000

2000 0. 000* 0. 882 1. 000 1. 000 1. 000 1. 000

2001 0. 000* 1.000 1. 000 1. 000 1. 000 1. 000 1. 000
Tabl e A7b. One-way ANOVA statistics and nmatrix of Bonferroni-adjusted

pai rwi se comparisons of adult flannel mouth sucker CPUE data, in
the San Juan River, Reach 1 (RM 17.0-0.0), Cctober 1995 to October
2001 (p < 0.10 = * = statistically significant relationship).
Values in the matri x are the p-val ues for between-year

conpari sons.

One-way ANOVA: F-statistic = 1.749, r?2 = 0.073, p = 0.115

Bonferroni matri x:
1995 1996 1997 1998 1999 2000 2001

1995 1. 000

1996 1. 000 1. 000

1997 1. 000 1. 000 1. 000

1998 1. 000 0. 425 1. 000 1. 000

1999 1. 000 1. 000 1. 000 1. 000 1. 000

2000 1. 000 1. 000 1. 000 1. 000 1. 000 1. 000

2001 1. 000 1. 000 1. 000 0. 587 1. 000 1. 000 1. 000
Table A7c. One-way ANOVA statistics and matrix of Bonferroni-adjusted

pai rwi se conparisons of total (juvenile + adult) flannel nouth
sucker CPUE data, in the San Juan River, Reach 1 (RM 17.0-0.0),
Cct ober 1993 and COctober 1995-2001 (p < 0.10 = * = statistically
significant relationship). Values in the matrix are the p-val ues
for between-year conparisons.

One-way ANOVA: F-statistic = 12.209, r? = 0.348, p = 0.000*

Bonf erron

1993
1995
1996
1997
1998
1999
2000
2001

matri x:
1993 1995 1996 1997 1998 1999 2000 2001
1. 000
1. 000 1. 000
0.002* 0.001* 1.000
0. 000* 0.000* 1.000 1. 000
0. 000* 0.000* 0.590 1. 000 1. 000
0. 000* 0.000* 1.000 1.000 1. 000 1.000
0. 000* 0.000* 1.000 1. 000 1. 000 1. 000 1.000
0.003* 0.001* 1.000 1. 000 1. 000 1. 000 1. 000 1. 000




Tabl e AS8.

One-way ANOVA statistics and matrix of Bonferroni-adjusted

pai rwi se conparisons of flannelnouth sucker nean total |ength data
(all I'ife stages conbined), in the San Juan River, RM 180.0-0.0,
Cctober 1996 to Cctober 2001 (p < 0.10 = * = statistically
significant relationship). Values in the matrix are the p-val ues
for between-year conparisons.

One-way ANOVA: F-statistic = 193.232, r? = 0.090, p = 0.000*

Bonf err oni

matri x:
1996 1997 1998 1999 2000 2001
1996 1. 000
1997 1. 000 1. 000
1998 0. 000* 0.000* 1.000
1999 0. 000* 0.000* 0.001* 1.000
2000 0. 000* 0.000* 0.000* 0.000* 1.000
2001 0. 004* 0.001* 0.000* 0.000* 0.000* 1.000




Tabl e A9.

One-way ANOVA statistics and matrix of Bonferroni-adjusted

pai rwi se conparisons of flannelnouth sucker nean total |ength data
(all I'ife stages conbined), in the San Juan River, Reach 6 (RM
180. 0- 155.0), Cctober 1996 to Cctober 2001 (p < 0.10 = * =
statistically significant relationship). Values in the matrix are
t he p-val ues for between-year conparisons.

One-way ANOVA: F-statistic = 139.691, r? = 0.280, p = 0.000*

Bonferroni matrix:
1996 1997 1998 1999 2000 2001

1996 1. 000

1997 0.078* 1.000

1998 0. 040* 1.000 1. 000

1999 0. 000* 0.000* 0.009* 1.000

2000 0. 000* 0.000* 0.000* 0.000* 1.000

2001 1. 000 0. 003* 0.001* 0.000* 0.000* 1.000
Table A10. One-way ANOVA statistics and matrix of Bonferroni-adjusted

pai rwi se conparisons of flannel mouth sucker nmean total |ength data
(all lI'ife stages combined), in the San Juan River, Reach 5 (RM
155.0-131.0), Cctober 1991 to Cctober 2001 (p < 0.10 = * =
statistically significant relationship). Values in the natrix are
the p-val ues for between-year comparisons.

One-way ANOVA: F-statistic = 18.393, r? = 0.039, p = 0.000*

Bonferroni matri x:
1991 1992 1993 1994 1995 1996 1997 1998 1999 2000 2001

1991 1.000

1992 1.000 1.000

1993 0.000* 0.000* 1.000

1994 1.000 1.000 0.000* 1.000

1995 1.000 1.000 0.009* 1.000 1.000

1996 0.000* 0.000* 0.000* 0.003* 0.001* 1.000

1997 0.258 0.005* 0.000* 0.880 0.253 1.000 1.000

1998 0.077* 0.003* 0.000* 0.235 0.071* 1.000 1.000 1.000

1999 0.001* 0.000* 0.000* 0.006* 0.002* 1.000 1.000 1.000 1.000

2000 0.006* 0.032* 1.000 0.003* 0.119 0.000* 0.000* 0.000* 0.000* 1.000

2001 0.012* 0.063* 1.000 0.005* 0.222 0.000* 0.000* 0.000* 0.000* 1.000 1.000
Table Al1l. One-way ANOVA statistics and matrix of Bonferroni-adjusted

pai rwi se conparisons of flannel nouth sucker nean total |ength data
(all life stages conbined), in the San Juan River, Reach 4 (RM
131.0-106.0), Cctober 1991 to Cctober 2001 (p < 0.10 = * =
statistically significant relationship). Values in the matrix are
t he p-val ues for between-year conparisons.

One-way ANOVA: F-statistic = 29.775, r?2 = 0.046, p = 0.000*

Bonferroni matri x:
1991 1992 1993 1994 1995 1996 1997 1998 1999 2000 2001
1991 1.000
1992 0.003* 1.000
1993 0.000* 0.198 1.000
1994 0.017* 1.000 0.005* 1.000
1995 0.000* 0.000* 0.001* 0.000* 1.000
1996 1.000 0.592 0.000* 1.000 0.000* 1.000
1997 1.000 0.911 0.000* 1.000 0.000* 1.000 1.000
1998 1.000 0.000* 0.000* 0.000* 0.000* 0.458 0.432 1.000
1999 0.002* 0.000* 0.000* 0.000* 0.000* 0.000* 0.000* 1.000 1.000
2000 1.000 0.000* 0.000* 0.000* 0.000* 1.000 0.943 1.000 1.000 1.000
2001 0.003* 1.000 0.984 1.000 0.000* 0.432 0.659 0.000* 0.000* 0.000* 1.000




Tabl e

Al2.

One-way ANOVA statistics and matrix of Bonferroni-adjusted

pai rwi se conparisons of flannel nouth sucker nean total |ength data
(all I'ife stages conbined), in the San Juan River, Reach 3 (RM
106. 0-68.0), Cctober 1991 to October 2001 (p < 0.10 = * =
statistically significant relationship). Values in the matrix are
t he p-val ues for between-year conparisons.

One-way ANOVA: F-statistic = 52.648, r? = 0.072, p = 0.000*

Bonferroni matri x:
1991 1992 1993 1994 1995 1996 1997 1998 1999 2000 2001

1991 1.000

1992 0.000* 1.000

1993 1.000 0.000* 1.000

1994 0.000* 1.000 0.000* 1.000

1995 0.000* 0.000* 0.000* 0.000* 1.000

1996 1.000 0.000* 1.000 0.000* 0.000* 1.000

1997 0.024* 0.000* 1.000 0.015* 0.000* 1.000 1.000

1998 1.000 0.000* 0.164 0.000* 0.000* 0.267 0.000* 1.000

1999 1.000 0.000* 0.078* 0.000* 0.000* 0.133 0.000* 1.000 1.000

2000 0.000* 1.000 0.000* 0.905 0.000* 0.000* 0.000* 0.000* 0.000* 1.000

2001 1.000 0.000* 1.000 0.000* 0.000* 1.000 1.000 0.248 0.128 0.000* 1.000
Tabl e A13. One-way ANOVA statistics and nmatrix of Bonferroni-adjusted

pai rwi se comparisons of flannel nouth sucker nean total |ength data
(all I'ife stages conbined), in the San Juan River, Reach 2 (RM
68.0-17.0), Cctober 1993 and October 1995-2001 (p < 0.10 = * =
statistically significant relationship). Values in the natrix are
t he p-val ues for between-year conparisons.

One-way ANOVA: F-statistic = 28.795, r? = 0.093, p = 0.000*

Bonferroni matrix:
1993 1995 1996 1997 1998 1999 2000 2001

1993  1.000

1995  0.000* 1.000

1996 1.000 0.000* 1.000

1997  0.025* 0.000* 0.005* 1.000

1998  0.000* 0.000* 0.000* 0.201 1.000

1999  0.000* 0.000* 0.000* 0.001* 1.000 1.000

2000 1.000 0.000* 1.000 1.000 0.133 0.001* 1.000

2001 1.000 0.018* 1.000 0.383 0.000* 0.000* 1.000 1.000
Table Al4. One-way ANOVA statistics and matrix of Bonferroni-adjusted

pai rwi se conparisons of flannel nouth sucker nean total |ength data
(all life stages conbined), in the San Juan River, Reach 1 (RM
17.0-0.0), October 1993 and Cctober 1995-2001 (p < 0.10 = * =
statistically significant relationship). Values in the matrix are
t he p-val ues for between-year conparisons.

One-way ANOVA: F-statistic = 1.267, r?2 = 0.198, p = 0.294
Bonf er r oni

1993
1995
1996
1997
1998
1999
2000
2001

PRRPPRPRPRR

matri x:
1993 1995 1996 1997 1998 1999 2000 2001
000
000 1.000
000 1.000 1.000
000 1.000 1.000 1.000
000 1.000 1.000 1.000 1.000
000 1.000 1.000 1.000 1.000 1.000
000 1.000 1.000 1.000 1.000 1.000 1.000
000 1.000 1.000 1.000 1.000 1.000 1.000 1.000
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Tabl e Al5.

One-way ANOVA statistics and matrix of Bonferroni-adjusted

pai rwi se conparisons of flannel mouth sucker nean bi onass data (al
life stages conbined), in the San Juan River, RM 180.0-0.0,
Cctober 1996 to Cctober 2001 (p < 0.10 = * = statistically
significant relationship). Values in the matrix are the p-val ues
for between-year conparisons.

One-way ANOVA: F-statistic = 40.632, r2 = 0.020, p = 0.000*

Bonf err oni

matri x:
1996 1997 1998 1999 2000 2001
1996 1. 000
1997 0. 002* 1.000
1998 0.189 0. 000* 1.000
1999 0. 000* 0.000* 0.000* 1.000
2000 0. 000* 1.000 0. 000* 0.000* 1.000
2001 1. 000 0. 015* 0.081* 0.000* 0.000* 1.000
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Tabl e Al6.

One-way ANOVA statistics and matrix of Bonferroni-adjusted

pai rwi se conparisons of flannel mouth sucker nean bi onass data (al
life stages conbined), in the San Juan River, Reach 6 (RM 180. 0-
155.0), Cctober 1996 to Cctober 2001 (p < 0.10 = * = statistically
significant relationship). Values in the matrix are the p-val ues
for between-year conparisons.

One-way ANOVA: F-statistic = 46.333, r2 = 0.114, p = 0.000*

Bonferroni matrix:
1996 1997 1998 1999 2000 2001

1996 1. 000

1997 0. 376 1. 000

1998 0.191 1. 000 1. 000

1999 0. 003* 0.052* 0.628 1. 000

2000 1. 000 0. 000* 0.000* 0.000* 1.000

2001 1. 000 1. 000 1. 000 0. 000* 0.000* 1.000
Table A17. One-way ANOVA statistics and matrix of Bonferroni-adjusted

pai rwi se conparisons of flannel mouth sucker nean bi omass data (al
life stages conbined), in the San Juan River, Reach 5 (RM 155. 0-
131.0), October 1991 to COctober 2001 (p < 0.10 = * = statistically
significant relationship). Values in the matrix are the p-val ues
for between-year conparisons.

One-way ANOVA: F-statistic = 22.128, r? = 0.046, p = 0.000*

Bonferroni matri x:
1991 1992 1993 1994 1995 1996 1997 1998 1999 2000 2001

1991 1.000

1992 1.000 1.000

1993 0.018* 1.000 1.000

1994 0.413  0.000* 0.000* 1.000

1995 1.000 1.000 0.608 0.531 1.000

1996 0.000* 0.000* 0.000* 0.000* 0.000* 1.000

1997 1.000 0.557 0.006* 1.000 1.000 0.000* 1.000

1998 0.007* 0.000* 0.000* 1.000 0.009* 1.000 0.379 1.000

1999 0.001* 0.000* 0.000* 0.630 0.001* 1.000 0.074* 1.000 1.000

2000 0.015* 0.000* 0.000* 1.000 0.025* 0.028* 1.000 1.000 1.000 1.000

2001 1.000 0.864 0.009* 1.000 1.000 0.000* 1.000 0.217 0.038* 0.746 1.000
Table A18. One-way ANOVA statistics and matrix of Bonferroni-adjusted

pai rwi se conparisons of flannel nobuth sucker nean bi onass data (al
life stages conmbined), in the San Juan River, Reach 4 (RM 131. 0-
106.0), October 1991 to October 2001 (p < 0.10 = * = statistically
significant relationship). Values in the matrix are the p-val ues
for between-year conparisons.

One-way ANOVA: F-statistic = 37.738, r?2 = 0.058, p = 0.000*

Bonferroni matri x:
1991 1992 1993 1994 1995 1996 1997 1998 1999 2000 2001
1991 1.000
1992 0.150 1.000
1993 0.000* 1.000 1.000
1994 1.000 0.002* 0.000* 1.000
1995 0.000* 0.000* 0.001* 0.000* 1.000
1996 0.039* 0.000* 0.000* 0.870 0.000* 1.000
1997 1.000 1.000 0.003* 1.000 0.000* 0.025* 1.000
1998 0.159 0.000* 0.000* 1.000 0.000* 1.000 0.080* 1.000
1999 0.000* 0.000* 0.000* 0.000* 0.000* 1.000 0.000* 1.000 1.000
2000 0.000* 0.000* 0.000* 0.000* 0.000* 0.077* 0.000* 0.378 1.000 1.000
2001 1.000 0.840 0.000* 1.000 0.000* 0.062* 1.000 0.182 0.000* 0.000* 1.000
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Tabl e A19.

One-way ANOVA statistics and matrix of Bonferroni-adjusted

pai rwi se conparisons of flannel mouth sucker nean bi onass data (al
life stages conbined), in the San Juan River, Reach 3 (RM 106. 0-
68.0), October 1991 to Cctober 2001 (p < 0.10 = * = statistically
significant relationship). Values in the matrix are the p-val ues
for between-year conparisons.

One-way ANOVA:

F-statistic = 50.603, r? = 0.069, p = 0.000*

Bonferroni matri x:
1991 1992 1993 1994 1995 1996 1997 1998 1999 2000 2001

1991 1.000

1992 0.000* 1.000

1993 1.000  0.000* 1.000

1994 0.000* 0.023* 0.261 1.000

1995 0.000* 0.000* 0.000* 0.000* 1.000

1996 1.000 0.000* 1.000 0.000* 0.000* 1.000

1997 0.000* 0.345 0.113 1.000 0.000* 0.000* 1.000

1998 0.375  0.000* 0.003* 0.000* 0.000* 1.000 0.000* 1.000

1999 0.000* 0.000* 0.000* 0.000* 0.000* 0.001* 0.000* 1.000 1.000

2000 1.000 0.000* 1.000 1.000 0.000* 0.223 1.000 0.000* 0.000* 1.000

2001 1.000 0.000* 0.015* 0.000* 0.000* 1.000 0.000* 1.000 0.405 0.002* 1.000
Tabl e A20. One-way ANOVA statistics and nmatrix of Bonferroni-adjusted

pai rwi se comparisons of flannel nouth sucker
life stages conbined), in the San Juan River,

mean bi omass data (al
Reach 2 (RM 68. 0-

17.0), Cctober 1993 and Cctober 1995-2001 (p < 0.10 = * =
statistically significant relationship). Values in the natrix are
t he p-val ues for between-year conparisons.
One-way ANOVA: F-statistic = 30.394, r? = 0.098, p = 0.000*
Bonferroni matrix:
1993 1995 1996 1997 1998 1999 2000 2001
1993  1.000
1995  0.000* 1.000
1996 1.000 0.000* 1.000
1997 0.376  0.000* 1.000 1.000
1998  0.000* 0.000* 0.000* 0.108 1.000
1999  0.000* 0.000* 0.000* 0.000* 0.002* 1.000
2000 0.020* 0.000* 0.117 1.000 1.000 0.006* 1.000
2001 1.000 0.000* 1.000 1.000 0.490 0.000* 1.000 1.000
Table A21. One-way ANOVA statistics and matrix of Bonferroni-adjusted

pai rwi se conparisons of flannel nouth sucker
life stages combined), in the San Juan River,

nean bi onass data (al
Reach 1 (RM 17. 0-

0.0), Cctober 1993 and October 1995-2001 (p < 0.10 = * =
statistically significant relationship). Values in the natrix are
t he p-val ues for between-year conparisons.
One-way ANOVA: F-statistic = 2.406, r? = 0.319, p = 0.040*
Bonferroni matrix:
1993 1995 1996 1997 1998 1999 2000 2001
1993  1.000
1995 1.000 1.000
1996 1.000 1.000 1.000
1997 1.000 1.000 1.000 1.000
1998 1.000 1.000 1.000 1.000 1.000
1999 0.332 0.448 1.000 1.000 1.000 1.000
2000 0.553 0.764 1.000 1.000 1.000 1.000 1.000
2001 0.683 0.925 1.000 1.000 1.000 1.000 1.000 1.000
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Tabl e A22.

One-way ANOVA statistics and matrix of Bonferroni-adjusted

pai rwi se conparisons of flannel nouth sucker nean condition factor
data (all life stages conbined), in the San Juan River, RM 180.0-
0.0, Cctober 1996 to Cctober 2001 (p < 0.10 = * = statistically
significant relationship). Values in the matrix are the p-val ues
for between-year conparisons.

One-way ANOVA: F-statistic = 45.235, r2 = 0.023, p = 0.000*

Bonf err oni

matri x:
1996 1997 1998 1999 2000 2001
1996 1. 000
1997 0. 000* 1.000
1998 1. 000 0. 000* 1.000
1999 1. 000 0. 000* 1.000 1. 000
2000 1. 000 0. 000* 0.993 1. 000 1. 000
2001 0. 000* 0.000* 0.000* 0.000* 0.001* 1.000
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Tabl e A23.

One-way ANOVA statistics and matrix of Bonferroni-adjusted

pai rwi se conparisons of flannel nouth sucker nean condition factor
data (all life stages conbined), in the San Juan River, Reach 6
(RM 180. 0-155.0), Cctober 1996 to Cctober 2001 (p < 0.10 = * =
statistically significant relationship). Values in the matrix are
t he p-val ues for between-year conparisons.

One-way ANOVA: F-statistic = 26.099, r2 = 0.068, p = 0.000*

Bonferroni matrix:
1996 1997 1998 1999 2000 2001

1996 1. 000

1997 1. 000 1. 000

1998 1. 000 1. 000 1. 000

1999 0. 041* 0.000* 0.000* 1.000

2000 1. 000 0. 001* 0.000* 0.022* 1.000

2001 0.671 0.001* 0.099* 0.000* 0.000* 1.000
Table A24. One-way ANOVA statistics and matrix of Bonferroni-adjusted

pai rwi se conparisons of flannel mouth sucker nean condition factor
data (all life stages conbined), in the San Juan River, Reach 5
(RM 155.0-131.0), Cctober 1991 to October 2001 (p < 0.10 = * =
statistically significant relationship). Values in the natrix are
the p-val ues for between-year comparisons.

One-way ANOVA: F-statistic = 45.786, r? = 0.091, p = 0.000*

Bonferroni matri x:
1991 1992 1993 1994 1995 1996 1997 1998 1999 2000 2001

1991 1.000

1992 1.000 1.000

1993 1.000 1.000 1.000

1994 0.002* 0.000* 0.000* 1.000

1995 1.000 1.000 1.000 0.126 1.000

1996 0.000* 0.000* 0.000* 0.000* 0.000* 1.000

1997 0.008* 0.002* 0.571 0.000* 0.013* 0.000* 1.000

1998 0.134 0.056* 0.002* 1.000 0.714 0.002* 0.000* 1.000

1999 0.115 0.048* 0.001* 1.000 0.614 0.003* 0.000* 1.000 1.000

2000 0.000* 0.000* 0.000* 0.000* 0.000* 1.000 0.000* 0.057* 0.085* 1.000

2001 0.000* 0.000* 0.000* 0.000* 0.000* 1.000 0.000* 0.000* 0.000* 0.199 1.000
Tabl e A25. One-way ANOVA statistics and matrix of Bonferroni-adjusted

pai rwi se conpari sons of flannel nouth sucker nean condition factor
data (all life stages conbined), in the San Juan River, Reach 4
(RM 131.0-106.0), Cctober 1991 to October 2001 (p < 0.10 = * =
statistically significant relationship). Values in the matrix are
t he p-val ues for between-year conparisons.

One-way ANOVA: F-statistic = 29.251, r? = 0.045, p = 0.000*

Bonferroni matri x:
1991 1992 1993 1994 1995 1996 1997 1998 1999 2000 2001
1991 1.000
1992 1.000 1.000
1993 1.000 0.837 1.000
1994 0.000* 0.005* 0.000* 1.000
1995 0.399 0.077* 1.000 0.000* 1.000
1996 0.000* 0.000* 0.000* 0.047* 0.000* 1.000
1997 1.000 1.000 1.000 0.000* 1.000 0.000* 1.000
1998 0.308 1.000 0.002* 1.000 0.000* 0.064* 0.007* 1.000
1999 0.000* 0.001* 0.000* 1.000 0.000* 1.000 0.000* 1.000 1.000
2000 0.000* 0.000* 0.000* 0.000* 0.000* 1.000 0.000* 0.000* 0.014* 1.000
2001 0.000* 0.000* 0.000* 1.000 0.000* 1.000 0.000* 1.000 1.000 0.047* 1.000
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Tabl e

A26.

One-way ANOVA statistics and matrix of Bonferroni-adjusted

pai rwi se conparisons of flannel nouth sucker nean condition factor
data (all life stages conbined), in the San Juan River, Reach 3
(RM 106. 0-68.0), October 1991 to October 2001 (p < 0.10 = * =
statistically significant relationship). Values in the matrix are
t he p-val ues for between-year conparisons.

One-way ANOVA: F-statistic = 43.635, r? = 0.060, p = 0.000*

Bonferroni matri x:
1991 1992 1993 1994 1995 1996 1997 1998 1999 2000 2001

1991 1.000

1992 1.000 1.000

1993 1.000 1.000 1.000

1994 1.000 1.000 1.000 1.000

1995 0.000* 0.000* 0.000* 0.000* 1.000

1996 1.000 1.000 0.286 0.379 0.000* 1.000

1997 0.055* 0.149 1.000 1.000 0.000* 0.000* 1.000

1998 0.017* 0.003* 0.000* 0.000* 0.000* 0.683 0.000* 1.000

1999 0.000* 0.000* 0.000* 0.000* 0.000* 0.000* 0.000* 0.002* 1.000

2000 0.000* 0.000* 0.000* 0.000* 0.000* 0.002* 0.000* 1.000 0.013* 1.000

2001 0.000* 0.000* 0.000* 0.000* 0.000* 0.008* 0.000* 1.000 0.013* 1.000 1.000
Tabl e A27. One-way ANOVA statistics and nmatrix of Bonferroni-adjusted

pai rwi se compari sons of flannel nouth sucker nean condition factor
data (all life stages conbined), in the San Juan River, Reach 2
(RM 68.0-17.0), October 1993 and Cctober 1995-2001 (p < 0.10 = * =
statistically significant relationship). Values in the natrix are
t he p-val ues for between-year conparisons.

One-way ANOVA: F-statistic = 12.595, r? = 0.043, p = 0.000*

Bonferroni matrix:
1993 1995 1996 1997 1998 1999 2000 2001

1993  1.000

1995 1.000 1.000

1996  0.000* 0.000* 1.000

1997 1.000 0.205 0.004* 1.000

1998  0.008* 0.000* 1.000 0.591 1.000

1999  0.000* 0.000* 1.000 0.029* 1.000 1.000

2000 1.000 1.000 0.005* 1.000 0.195 0.014* 1.000

2001 0.027* 0.000* 1.000 0.606 1.000 1.000 0.183 1.000
Tabl e A28. One-way ANOVA statistics and matrix of Bonferroni-adjusted

pai rwi se conparisons of flannel nouth sucker nean condition factor
data (all life stages conbined), in the San Juan River, Reach 1
(RM 17.0-0.0), Cctober 1993 and October 1995-2001 (p < 0.10 = * =
statistically significant relationship). Values in the matrix are
t he p-val ues for between-year conparisons.

One-way ANOVA: F-statistic = 1.038, r2 = 0.168, p = 0.422
Bonf er r oni

1993
1995
1996
1997
1998
1999
2000
2001

matri x:
1993 1995 1996 1997 1998 1999 2000 2001
1. 000
1.000 1.000
1.000 1.000 1.000
1.000 1.000 1.000 1.000
1.000 1.000 1.000 1.000 1.000
1.000 1.000 1.000 1.000 1.000 1.000
1.000 1.000 1.000 1.000 1.000 1.000 1.000
1.000 1.000 1.000 1.000 1.000 1.000 1.000 1.000
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Tabl e A29a.

One-way ANOVA statistics and matrix of Bonferroni-adjusted

pai rwi se conparisons of juvenile bluehead sucker CPUE data, in the
San Juan River, RM 180.0-0.0, Cctober 1996 to Cctober 2001 (p <
0.10 = * = statistically significant relationship). Values in the
matrix are the p-values for between-year comnparisons.

One-way ANOVA: F-statistic = 5.201, r? = 0.013, p = 0.000*

Bonferroni matrix:
1996 1997 1998 1999 2000 2001

1996 1. 000

1997 0. 853 1. 000

1998 1. 000 1. 000 1. 000

1999 0. 003* 0. 447 0. 022* 1.000

2000 0.006* 0.994 0.053* 1.000 1. 000

2001 0. 031* 1.000 0.186 1. 000 1. 000 1. 000
Tabl e A29b. One-way ANOVA statistics and matrix of Bonferroni-adjusted

pai rwi se conparisons of adult bluehead sucker CPUE data, in the
San Juan River, RM 180.0-0.0, Cctober 1996 to Cctober 2001 (p <
0.10 = * = statistically significant relationship). Values in the
matrix are the p-values for between-year conparisons.

One-way ANOVA: F-statistic = 9.736, r2 = 0.024, p = 0.000*

Bonferroni matrix:
1996 1997 1998 1999 2000 2001

1996 1. 000

1997 1. 000 1. 000

1998 1. 000 1. 000 1. 000

1999 0. 000* 0.000* 0.000* 1.000

2000 0. 066* 0.119 1. 000 0.052* 1.000

2001 1. 000 1. 000 1. 000 0. 000* 0.050* 1.000
Tabl e A29c. One-way ANOVA statistics and matrix of Bonferroni-adjusted

pai rwi se conparisons of total (juvenile + adult) bluehead sucker
CPUE data, in the San Juan River, RM 180.0-0.0, October 1996 to
Cctober 2001 (p < 0.10 = * = statistically significant
relationship). Values in the matrix are the p-values for between-
year comnpari sons.

One-way ANOVA: F-statistic = 6.599, r2 = 0.017, p = 0.000*

Bonf err oni

matri x:
1996 1997 1998 1999 2000 2001
1996 1. 000
1997 1. 000 1. 000
1998 1. 000 1. 000 1. 000
1999 0. 000* 0.001* 0.001* 1.000
2000 0. 006* 0.273 0. 145 1. 000 1. 000
2001 1. 000 1. 000 1. 000 0. 046* 1.000 1. 000

A-17



Tabl e A30a.

One-way ANOVA statistics and matrix of Bonferroni-adjusted

pai rwi se conparisons of juvenile bluehead sucker CPUE data, in the
San Juan River, Reach 6 (RM 180.0-155.0), Cctober 1996 to Cctober
2001 (p < 0.10 = * = statistically significant relationship).
Values in the matrix are the p-values for between-year

conpari sons.

One-way ANOVA: F-statistic = 8.920, r?2 = 0.162, p = 0.000*

Bonferroni nmatrix:
1996 1997 1998 1999 2000 2001

1996 1. 000

1997 1. 000 1. 000

1998 1. 000 1. 000 1. 000

1999 0. 046* 1.000 0.057* 1.000

2000 0. 001* 0.163 0. 001* 1.000 1. 000

2001 1. 000 0. 035* 1.000 0. 001* 0.000* 1.000
Tabl e A30b. One-way ANOVA statistics and nmatrix of Bonferroni-adjusted

pai rwi se comparisons of adult bluehead sucker CPUE data, in the
San Juan River, Reach 6 (RM 180.0-155.0), Cctober 1996 to Cctober
2001 (p < 0.10 = * = statistically significant relationship).
Values in the matrix are the p-val ues for between-year

conpari sons.

One-way ANOVA: F-statistic = 6.629, r?2 = 0.134, p = 0.000*

Bonferroni matri x:
1996 1997 1998 1999 2000 2001

1996 1. 000

1997 1. 000 1. 000

1998 1. 000 1. 000 1. 000

1999 0. 000* 0.005* 0.002* 1.000

2000 0. 071* 0.586 0. 303 1. 000 1. 000

2001 1. 000 1. 000 1. 000 0. 000* 0.024* 1.000
Tabl e A30c. One-way ANOVA statistics and matrix of Bonferroni-adjusted

pai rwi se conparisons of total (juvenile + adult) bluehead sucker
CPUE data, in the San Juan River, Reach 6 (RM 180.0-155.0),

Cct ober 1996 to Cctober 2001 (p < 0.10 = * = statistically
significant relationship). Values in the matrix are the p-val ues
for between-year conparisons.

One-way ANOVA: F-statistic = 9.641, r2 = 0.183, p = 0.000*

Bonf erron

matri x:
1996 1997 1998 1999 2000 2001
1996 1. 000
1997 1. 000 1.000
1998 1. 000 1. 000 1. 000
1999 0.001* 0. 145 0.003* 1.000
2000 0. 000* 0.093* 0.001* 1.000 1. 000
2001 1. 000 0.088* 1.000 0. 000* 0.000* 1.000
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Tabl e

A3la

One-way ANOVA statistics and matrix of Bonferroni-adjusted pairw se
conpari sons of juvenile bluehead sucker CPUE data, in the San Juan
Ri ver, Reach 5 (RM 155.0-131.0), Cctober 1994 to Cctober 2001 (p <
0.10 = * = statistically significant relationship). Values in the
matrix are the p-values for between-year conparisons.

One-way ANOVA: F-statistic = 2.632, r2 = 0.049, p = 0.012*
rroni matriXx:

Bonf e

1994 1995 1996 1997 1998 1999 2000 2001

1994 1. 000
1995 1. 000 1. 000
1996 0. 651 0. 313 1. 000
1997 0.515 0.229 1. 000 1.000
1998 0. 826 0. 413 1. 000 1. 000 1. 000
1999 1. 000 1. 000 0. 428 0. 386 0.517 1. 000
2000 1. 000 1. 000 1. 000 1. 000 1. 000 1. 000 1. 000
2001 1. 000 1. 000 1.000 1.000 1. 000 1. 000 1. 000 1.000
Tabl e A31b. One-way ANOVA statistics and matrix of Bonferroni-adjusted pairw se

conpari sons of adult bluehead sucker CPUE data, in the San Juan

Ri ver, Reach 5 (RM 155.0-131.0), Cctober 1994 to October 2001 (p <
0.10 = * = statistically significant relationship). Values in the
matrix are the p-values for between-year conparisons.

One-way ANOVA: F-statistic = 9.278, r2 = 0.155, p = 0.000*
rroni matrix:

Bonf e

1994 1995 1996 1997 1998 1999 2000 2001

1994 1.000
1995 1. 000 1. 000
1996 1. 000 1. 000 1. 000
1997 1. 000 1. 000 1.000 1.000
1998 0.090* 0.001* 0.575 0.085* 1.000
1999 0.000* 0.000* 0.004* 0.000* 1.000 1.000
2000 0.000* 0.000* 0.000* 0.000* O0.405 1.000 1.000
2001 1. 000 1. 000 1.000 1.000 1.000 0.044* 0.007* 1.000
Table A31c. One-way ANOVA statistics and matrix of Bonferroni-adjusted pairw se

conpari sons of total (juvenile + adult) bluehead sucker CPUE data, in
the San Juan River, Reach 5 (RM 155.0-131.0), Cctober 1991 to COctober
2001 (p < 0.10 = * = statistically significant relationship). Values
in the matrix are the p-values for between-year conparisons.

One-way ANOVA: F-statistic = 14.278, r?2 = 0.202, p = 0.000*
rroni matrix:

Bonf e

1991
1992
1993
1994
1995
1996
1997
1998
1999
2000
2001

1991
000
000*
000
000
392
144
026*
000
000
000
000

PRPPOOORPROR

1992 1993 1994 1995 1996 1997 1998 1999 2000 2001

1. 000

0.003* 1.000

0. 000* 0.008* 1.000

0.000* 0.001* 1.000 1. 000

0. 000* 0.000* 1.000 1. 000 1. 000

0. 000* 0.000* 1.000 1. 000 1. 000 1. 000

0.000* 0.097* 1.000 1. 000 1. 000 1. 000 1. 000

0.122 1.000 0.322 0.084* 0.034* 0.009* 1.000 1. 000

0.029* 1.000 1.000 0.308 0.130 0.041* 1.000 1. 000 1. 000

0. 000* 0.315 1. 000 1. 000 1. 000 1. 000 1. 000 1. 000 1. 000 1. 000
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Tabl e

A32a

One-way ANOVA statistics and matrix of Bonferroni-adjusted pairw se
conpari sons of juvenile bluehead sucker CPUE data, in the San Juan
Ri ver, Reach 4 (RM 131.0-106.0), Cctober 1994 to Cctober 2001 (p <
0.10 = * = statistically significant relationship). Values in the
matrix are the p-values for between-year conparisons.

One-way ANOVA: F-statistic = 6.225, r2 = 0.087, p = 0.000*

Bonferroni matri x:
1994 1995 1996 1997 1998 1999 2000 2001

1994 1. 000

1995 0. 948 1. 000

1996 1. 000 1. 000 1. 000

1997 1. 000 1. 000 1. 000 1. 000

1998 0. 448 0.000* 0.034* 0.321 1. 000

1999 1. 000 1. 000 1. 000 1. 000 0.011* 1.000

2000 1. 000 0.009* 0.249 1. 000 1. 000 0.080* 1.000

2001 0. 025* 1.000 0. 355 0.032* 0.000* 1.000 0. 000* 1.000
Tabl e A32b. One-way ANOVA statistics and matrix of Bonferroni-adjusted pairw se

conpari sons of adult bluehead sucker CPUE data, in the San Juan

Ri ver, Reach 4 (RM 131.0-106.0), Cctober 1994 to October 2001 (p <
0.10 = * = statistically significant relationship). Values in the
matrix are the p-values for between-year conparisons.

One-way ANOVA: F-statistic = 7.862, r?2 = 0.108, p = 0.000*

Bonferroni matrix:
1994 1995 1996 1997 1998 1999 2000 2001

1994 1. 000

1995 1. 000 1. 000

1996 1. 000 1. 000 1. 000

1997 0.125 1. 000 0. 392 1. 000

1998 1. 000 1. 000 1. 000 1. 000 1. 000

1999 0.017* 0.000* 0.006* 0.000* 0.000* 1.000

2000 1. 000 1. 000 1.000 0.660 1.000 0.056* 1.000

2001 0.003* 0.068* 0.012* 1.000 0.638 0. 000* 0.030* 1.000
Tabl e A32c. One-way ANOVA statistics and matrix of Bonferroni-adjusted pairw se

conpari sons of total (juvenile + adult) bluehead sucker CPUE data, in
the San Juan River, Reach 4 (RM 131.0-106.0), Cctober 1991 to COctober
2001 (p < 0.10 = * = statistically significant relationship). Values
in the matrix are the p-values for between-year conparisons.

One-way ANOVA: F-statistic = 7.827, r2 = 0.106, p = 0.000*
rroni matrix:

Bonf e

1991
1992
1993
1994
1995
1996
1997
1998
1999
2000
2001

1991
000
000
000
659
000
000
006*
001*
000
065*
000

PORPOORRPORPER

1992 1993 1994 1995 1996 1997 1998 1999 2000 2001

1. 000

1. 000 1. 000

0.001* 0.043* 1.000

0.009* 0.479 1. 000 1. 000

0.003* 0.184 1. 000 1. 000 1. 000

0. 000* 0.000* 1.000 1. 000 1. 000 1. 000

0.000* 0.000* 1.000 0.249 0.753 1. 000 1. 000

1. 000 1.000 0.577 1. 000 1.000 0.012* 0.001* 1.000

0. 000* 0.004* 1.000 1. 000 1. 000 1. 000 1.000 0.064* 1.000

0.009* 0.323 1. 000 1. 000 1. 000 1. 000 1. 000 1. 000 1. 000 1. 000
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Tabl e

A33a

One-way ANOVA statistics and matrix of Bonferroni-adjusted pairw se
conpari sons of juvenile bluehead sucker CPUE data, in the San Juan

Ri ver, Reach 3 (RM 106.0-68.0), Cctober 1994 to Cctober 2001 (p < 0.10
= * = statistically significant relationship). Values in the matrix
are the p-values for between-year conparisons.

One-way ANOVA: F-statistic = 31.753, r2 = 0.235, p = 0.000*

Bonferroni matri x:
1994 1995 1996 1997 1998 1999 2000 2001

1994 1. 000

1995 1. 000 1. 000

1996 0. 006* 0.000* 1.000

1997 1. 000 0.173 0.578 1. 000

1998 1. 000 0. 058* 1.000 1. 000 1. 000

1999 0.178 0. 004* 1.000 1. 000 1. 000 1. 000

2000 0.029* 0.000* 1.000 1. 000 1. 000 1. 000 1. 000

2001 0. 000* 0.000* 0.000* 0.000* 0.000* 0.000* 0.000* 1.000
Tabl e A33b. One-way ANOVA statistics and matrix of Bonferroni-adjusted pairw se

conpari sons of adult bluehead sucker CPUE data, in the San Juan

Ri ver, Reach 3 (RM 106.0-68.0), Cctober 1994 to Cctober 2001 (p <
0.10 = * = statistically significant relationship). Values in the
matrix are the p-values for between-year conparisons.

One-way ANOVA: F-statistic = 2.599, r2 = 0.024, p = 0.012*

Bonferroni matrix:
1994 1995 1996 1997 1998 1999 2000 2001

1994 1. 000

1995 1. 000 1. 000

1996 1. 000 1. 000 1. 000

1997 0.171 0. 940 0. 875 1. 000

1998 1. 000 1. 000 1. 000 1. 000 1. 000

1999 1. 000 1. 000 1.000 0.030* 0.177 1. 000

2000 1. 000 1. 000 1. 000 1. 000 1.000 0.398 1. 000

2001 1. 000 1. 000 1. 000 1. 000 1.000 0.515 1. 000 1. 000
Tabl e A33c. One-way ANOVA statistics and matrix of Bonferroni-adjusted pairw se

conpari sons of total (juvenile + adult) bluehead sucker CPUE data, in
the San Juan River, Reach 3 (RM 106.0-68.0), Cctober 1991 to Cctober
2001 (p < 0.10 = * = statistically significant relationship). Values
in the matrix are the p-values for between-year conparisons.

One-way ANOVA: F-statistic = 21.353, r2 = 0.176, p = 0.000*
rroni matrix:

Bonf e

1991
1992
1993
1994
1995
1996
1997
1998
1999
2000
2001

1991

000

097*
000*
000*
000*
000*
000*
000*
000*
000*
000

POOCOOOOOOOR

1992 1993 1994 1995 1996 1997 1998 1999 2000 2001

1. 000

0. 000* 1.000

0.015* 1.000 1. 000

0.089* 1.000 1. 000 1. 000

0.000* 1.000 0.459 0.082* 1.000

0. 000* 1.000 1.000 0.331 1. 000 1. 000

0. 000* 1.000 1.000 0.408 1. 000 1. 000 1. 000

0.002* 1.000 1. 000 1. 000 1. 000 1. 000 1. 000 1. 000

0.000* 1.000 0.201 0.039* 1.000 1. 000 1. 000 1. 000 1. 000

1.000 0.000* 0.000* 0.000* 0.000* 0.000* 0.000* O0.000* 0.000* 1.000
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Tabl e A34a.

One-way ANOVA statistics and matrix of Bonferroni-adjusted

pai rwi se conparisons of juvenile bluehead sucker CPUE data, in the
San Juan River, Reach 2 (RM 68.0-17.0), Cctober 1995 to Cctober
2001 (p < 0.10 = * = statistically significant relationship).
Values in the matrix are the p-values for between-year

conpari sons.

One-way ANOVA: F-statistic = 61.641, r2 = 0.375, p = 0.000*

Bonferroni matrix:
1995 1996 1997 1998 1999 2000 2001

1995 1. 000

1996 0. 000* 1.000

1997 0. 000* 1.000 1. 000

1998 0.000* 1.000 1. 000 1. 000

1999 0. 000* 1.000 1. 000 1. 000 1. 000

2000 0. 000* 1.000 1. 000 1. 000 1. 000 1. 000

2001 0. 000* 0.000* 0.000* 0.000* 0.000* 0.000* 1.000
Tabl e A34b. One-way ANOVA statistics and matrix of Bonferroni-adjusted

pai rwi se comparisons of adult bluehead sucker CPUE data, in the
San Juan River, Reach 2 (RM 68.0-17.0), October 1995 to October
2001 (p < 0.10 = * = statistically significant relationship).
Values in the matri x are the p-val ues for between-year

conpari sons.

One-way ANOVA: F-statistic = 7.901, r? = 0.071, p = 0.000*

Bonferroni matri x:
1995 1996 1997 1998 1999 2000 2001

1995 1. 000

1996 0. 003* 1.000

1997 0. 000* 0.431 1. 000

1998 0. 000* 1.000 1. 000 1. 000

1999 0.118 1. 000 0. 108 1. 000 1. 000

2000 0. 000* 0.395 1. 000 1. 000 0. 100 1. 000

2001 0. 000* 1.000 1. 000 1. 000 1. 000 1. 000 1. 000
Tabl e A34c. One-way ANOVA statistics and matrix of Bonferroni-adjusted

pai rwi se conparisons of total (juvenile + adult) bluehead sucker
CPUE data, in the San Juan River, Reach 2 (RM 68.0-17.0), Cctober
1993 and COctober 1995-2001 (p < 0.10 = * = statistically
significant relationship). Values in the matrix are the p-val ues
for between-year conparisons.

One-way ANOVA: F-statistic = 50.001, r? = 0.324, p = 0.000*

Bonf erron

1993
1995
1996
1997
1998
1999
2000
2001

matri x:
1993 1995 1996 1997 1998 1999 2000 2001
1. 000
0. 000* 1.000
1. 000 0. 000* 1.000
1. 000 0. 000* 1.000 1. 000
1. 000 0. 000* 1.000 1. 000 1. 000
1.000 0. 000* 1.000 1.000 1. 000 1.000
1. 000 0. 000* 1.000 1. 000 1. 000 1. 000 1.000
0. 000* 0.000* 0.000* 0.000* 0.000* 0.000* 0.000* 1.000
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Tabl e A35.

One-way ANOVA statistics and matrix of Bonferroni-adjusted

pai rwi se conparisons of bluehead sucker nean total |ength data
(all I'ife stages conbined), in the San Juan River, RM 180.0-0.0,
Cctober 1996 to Cctober 2001 (p < 0.10 = * = statistically
significant relationship). Values in the matrix are the p-val ues
for between-year conparisons.

One-way ANOVA: F-statistic = 33.495, r2 = 0.053, p = 0.000*

Bonf err oni

matri x:
1996 1997 1998 1999 2000 2001
1996 1. 000
1997 0. 000* 1.000
1998 1. 000 0. 000* 1.000
1999 1. 000 0. 000* 1.000 1. 000
2000 0. 000* 1.000 0. 000* 0.000* 1.000
2001 0. 000* 0.000* 0.000* 0.000* 0.040* 1.000
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Tabl e A36.

One-way ANOVA statistics and matrix of Bonferroni-adjusted
pai rwi se conparisons of bluehead sucker nean total |ength data
(all I'ife stages conbined), in the San Juan River, Reach 6 (RM
180. 0- 155.0), Cctober 1996 to Cctober 2001 (p < 0.10 = * =

statistically significant relationship). Values in the matrix are
t he p-val ues for between-year conparisons.
One-way ANOVA: F-statistic = 10.140, r2 = 0.033, p = 0.000*
Bonferroni matrix:
1996 1997 1998 1999 2000 2001
1996 1. 000
1997 1. 000 1. 000
1998 1. 000 0. 000* 1.000
1999 1. 000 0. 000* 1.000 1. 000
2000 1. 000 1. 000 0. 000* 0.000* 1.000
2001 1. 000 0. 300 0. 489 1. 000 0. 036* 1.000
Table A37. One-way ANOVA statistics and matrix of Bonferroni-adjusted
pai rwi se conparisons of bluehead sucker nean total |ength data
(all lI'ife stages combined), in the San Juan River, Reach 5 (RM
155.0-131.0), Cctober 1991 to Cctober 2001 (p < 0.10 = * =
statistically significant relationship). Values in the natrix are
the p-val ues for between-year comparisons.
One-way ANOVA: F-statistic = 9.098, r?2 = 0.060, p = 0.000*
Bonferroni matrix:
1991 1992 1993 1994 1995 1996 1997 1998 1999 2000 2001
1991 1.000
1992 1.000 1.000
1993 0.003* 0.000* 1.000
1994 1.000 0.411 1.000 1.000
1995 1.000 1.000 0.552 1.000 1.000
1996 1.000 1.000 0.000* 0.011* 1.000 1.000
1997 1.000 1.000 0.000* 0.673 1.000 1.000 1.000
1998 0.621 0.684 0.000* 0.002* 0.347 1.000 1.000 1.000
1999 0.215 0.235 0.000* 0.001* 0.124 1.000 0.782 1.000 1.000
2000 1.000 1.000 0.029* 1.000 1.000 1.000 1.000 1.000 1.000 1.000
2001 1.000 1.000 1.000 1.000 1.000 0.143 1.000 0.027* 0.010* 1.000 1.000
Tabl e A38. One-way ANOVA statistics and matrix of Bonferroni-adjusted
pai rwi se conparisons of bluehead sucker nean total |ength data
(all life stages conbined), in the San Juan River, Reach 4 (RM
131.0-106.0), Cctober 1991 to Cctober 2001 (p < 0.10 = * =
statistically significant relationship). Values in the matrix are

t he p-val ues for between-year conparisons.

One-way ANOVA: F-statistic = 11.381, r? = 0.094, p = 0.000*

Bonferroni matri x:
1991 1992 1993 1994 1995 1996 1997 1998 1999 2000 2001
1991 1.000
1992 1.000 1.000
1993 1.000 0.092* 1.000
1994 1.000 1.000 1.000 1.000
1995 1.000 0.197 1.000 1.000 1.000
1996 1.000 1.000 0.804 1.000 1.000 1.000
1997 1.000 1.000 1.000 1.000 1.000 1.000 1.000
1998 0.071* 1.000 0.004* 0.753 0.007* 1.000 0.189 1.000
1999 0.142 1.000 0.002* 1.000 0.007* 1.000 0.492 1.000 1.000
2000 0.000* 0.079* 0.000* 0.013* 0.000* 0.025* 0.001* 1.000 1.000 1.000
2001 0.000* 0.000* 0.003* 0.000* 0.014* 0.000* 0.000* 0.000* 0.000* 0.000* 1.000
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Tabl e A39.

One-way ANOVA statistics and matrix of Bonferroni-adjusted

pai rwi se conparisons of bluehead sucker nean total |ength data
(all I'ife stages conbined), in the San Juan River, Reach 3 (RM
106. 0-68.0), Cctober 1991 to October 2001 (p < 0.10 = * =
statistically significant relationship). Values in the matrix are
t he p-val ues for between-year conparisons.

One-way ANOVA:  F-statistic = 9.605, r2 = 0.121, p = 0.000*

Bonferroni matri x:
1991 1992 1993 1994 1995 1996 1997 1998 1999 2000 2001

1991 1.000

1992 1.000 1.000

1993 1.000 1.000 1.000

1994 1.000 0.968 1.000 1.000

1995 1.000 1.000 1.000 1.000 1.000

1996 1.000 1.000 1.000 0.046* 0.132 1.000

1997 1.000 1.000 1.000 1.000 1.000 1.000 1.000

1998 1.000 1.000 1.000 1.000 1.000 1.000 1.000 1.000

1999 1.000 1.000 1.000 1.000 1.000 1.000 1.000 1.000 1.000

2000 0.173 0.114 0.143 1.000 1.000 0.007* 1.000 1.000 0.644 1.000

2001 0.000* 0.000* 0.000* 0.000* 0.000* 0.000* 0.000* 0.004* 0.000* 0.836 1.000
Tabl e A40. One-way ANOVA statistics and nmatrix of Bonferroni-adjusted

pai rwi se comparisons of bluehead sucker nmean total |ength data
(all I'ife stages conbined), in the San Juan River, Reach 2 (RM
68.0-17.0), Cctober 1993 and October 1995-2001 (p < 0.10 = * =
statistically significant relationship). Values in the natrix are
t he p-val ues for between-year conparisons.

One-way ANOVA: F-statistic = 14.182, r? = 0.330, p = 0.000*
Bonf erron

1993
1995
1996
1997
1998
1999
2000
2001

matri x:
1993 1995 1996 1997 1998 1999 2000 2001
1. 000
1. 000 1. 000
1. 000 1. 000 1. 000
1. 000 1. 000 1. 000 1. 000
1. 000 1. 000 1. 000 1. 000 1. 000
0.029* 0.123 1. 000 0. 010* 0. 409 1. 000
0. 600 0. 005* 0.003* 1.000 0.012* 0.000* 1.000
0.011* 0.000* 0.000* 0.047* 0.000* 0.000* 1.000 1. 000

NOTE: No bl uehead sucker were collected in Reach 1, adjacent to Lake Powell,

durin

g 1991- 2001 sanpli ng.
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Tabl e A41.

One-way ANOVA statistics and matrix of Bonferroni-adjusted

pai rwi se conparisons of bluehead sucker nean bi onass data (al
life stages conbined), in the San Juan River, RM 180.0-0.0,
Cctober 1996 to Cctober 2001 (p < 0.10 = * = statistically
significant relationship). Values in the matrix are the p-val ues
for between-year conparisons.

One-way ANOVA: F-statistic = 17.976, r2 = 0.029, p = 0.000*

Bonf err oni

matri x:
1996 1997 1998 1999 2000 2001
1996 1. 000
1997 0. 000* 1.000
1998 0. 160 0. 000* 1.000
1999 1. 000 0. 000* 0.092* 1.000
2000 1. 000 0. 000* 0.044* 1.000 1. 000
2001 0. 007* 1.000 0. 000* 0.003* 0.001* 1.000
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Tabl e A42.

One-way ANOVA statistics and matrix of Bonferroni-adjusted

pai rwi se conparisons of bluehead sucker nean bi onass data (al

life stages conbined), in the San Juan River, Reach 6 (RM 180. 0-
155.0), Cctober 1996 to Cctober 2001 (p < 0.10 = * = statistically
significant relationship). Values in the matrix are the p-val ues
for between-year conparisons.

One-way ANOVA: F-statistic = 14.017, r2 = 0.045, p = 0.000*

Bonferroni matrix:
1996 1997 1998 1999 2000 2001

1996 1. 000

1997 1. 000 1. 000

1998 0. 625 0. 000* 1.000

1999 1. 000 0. 064* 0.001* 1.000

2000 1. 000 0. 001* 0.002* 1.000 1. 000

2001 0. 985 0. 000* 1.000 0. 002* 0.005* 1.000
Table A43. One-way ANOVA statistics and matrix of Bonferroni-adjusted

pai rwi se conparisons of bluehead sucker nean bi omass data (al

life stages conbined), in the San Juan River, Reach 5 (RM 155. 0-
131.0), October 1991 to COctober 2001 (p < 0.10 = * = statistically
significant relationship). Values in the matrix are the p-val ues
for between-year conparisons.

One-way ANOVA: F-statistic = 7.560, r? = 0.050, p = 0.000*

Bonferroni matri x:
1991 1992 1993 1994 1995 1996 1997 1998 1999 2000 2001

1991 1.000

1992 1.000 1.000

1993 0.046* 0.000* 1.000

1994 1.000 1.000 1.000 1.000

1995 1.000 1.000 1.000 1.000 1.000

1996 1.000 1.000 0.000* 0.237 1.000 1.000

1997 1.000 1.000 1.000 1.000 1.000 0.269 1.000

1998 0.803 0.604 0.000* 0.028* 0.257 1.000 0.027* 1.000

1999 0.176 0.122  0.000* 0.006* 0.059* 1.000 0.006* 1.000 1.000

2000 1.000 1.000 0.005* 1.000 1.000 1.000 1.000 1.000 1.000 1.000

2001 1.000 1.000 0.000* 0.460 1.000 1.000 0.604 1.000 1.000 1.000 1.000
Table Ad44. One-way ANOVA statistics and matrix of Bonferroni-adjusted

pai rwi se conpari sons of bluehead sucker nean bi onass data (al

life stages conmbined), in the San Juan River, Reach 4 (RM 131. 0-
106.0), October 1991 to October 2001 (p < 0.10 = * = statistically
significant relationship). Values in the matrix are the p-val ues
for between-year conparisons.

One-way ANOVA: F-statistic = 10.847, r2 = 0.090, p = 0.000*

Bonferroni matri x:
1991 1992 1993 1994 1995 1996 1997 1998 1999 2000 2001
1991 1.000
1992 1.000 1.000
1993 1.000 1.000 1.000
1994 1.000 1.000 1.000 1.000
1995 1.000 0.101 1.000 1.000 1.000
1996 1.000 1.000 1.000 1.000 1.000 1.000
1997 1.000 0.540 1.000 1.000 1.000 1.000 1.000
1998 0.048* 1.000 0.052* 0.428 0.006* 0.684 0.025* 1.000
1999 0.165 1.000 0.162 1.000 0.013* 1.000 0.074* 1.000 1.000
2000 0.000* 0.000* 0.000* 0.000* 0.000* 0.000* 0.000* 1.000 0.004* 1.000
2001 0.824 0.000* 0.260 0.061* 1.000 0.015* 1.000 0.000* 0.000* 0.000* 1.000
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Tabl e A45.

One-way ANOVA statistics and matrix of Bonferroni-adjusted

pai rwi se conparisons of bluehead sucker nean bi onass data (al
life stages conbined), in the San Juan River, Reach 3 (RM 106. 0-
68.0), October 1991 to Cctober 2001 (p < 0.10 = * = statistically
significant relationship). Values in the matrix are the p-val ues
for between-year conparisons.

One-way ANOVA:  F-statistic = 7.705, r?2 = 0.100, p = 0.000*

Bonferroni matri x:
1991 1992 1993 1994 1995 1996 1997 1998 1999 2000 2001

1991 1.000

1992 1.000 1.000

1993 1.000 1.000 1.000

1994 1.000 1.000 1.000 1.000

1995 1.000 0.461 0.380 1.000 1.000

1996 0.479 1.000 1.000 0.008* 0.001* 1.000

1997 1.000 1.000 1.000 1.000 1.000 0.080* 1.000

1998 1.000 1.000 1.000 1.000 1.000 0.875 1.000 1.000

1999 1.000 1.000 1.000 1.000 0.518 1.000 1.000 1.000 1.000

2000 1.000 1.000 1.000 1.000 1.000 1.000 1.000 1.000 1.000 1.000

2001 0.000* 0.000* 0.000* 0.006* 0.116 0.000* 0.004* 0.165 0.000* 0.000* 1.000
Tabl e A46. One-way ANOVA statistics and nmatrix of Bonferroni-adjusted

pai rwi se compari sons of bluehead sucker mean bi omass data (al

life stages conbined), in the San Juan River, Reach 2 (RM 68. 0-
17.0), Cctober 1993 and Cctober 1995-2001 (p < 0.10 = * =
statistically significant relationship). Values in the natrix are
t he p-val ues for between-year conparisons.

One-way ANOVA: F-statistic = 14.296, r? = 0.331, p = 0.000*
Bonf erron

1993
1995
1996
1997
1998
1999
2000
2001

matri x:
1993 1995 1996 1997 1998 1999 2000 2001
1. 000
1. 000 1. 000
0. 818 1. 000 1. 000
1. 000 1. 000 0.422 1. 000
1. 000 1. 000 1. 000 1. 000 1. 000
0. 000* 0.000* 0.045* 0.000* 0.001* 1.000
1. 000 1. 000 1. 000 1. 000 1. 000 0. 000* 1.000
0.113 0. 000* 0.000* 0.277 0. 000* 0.000* 0.036* 1.000

NOTE: No bl uehead sucker were collected in Reach 1, adjacent to Lake Powell,

durin

g 1991- 2001 sanpling
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Tabl e A47.

One-way ANOVA statistics and matrix of Bonferroni-adjusted

pai rwi se conparisons of bluehead sucker nean condition factor data
(all I'ife stages conbined), in the San Juan River, RM 180.0-0.0,
Cctober 1996 to Cctober 2001 (p < 0.10 = * = statistically
significant relationship). Values in the matrix are the p-val ues
for between-year conparisons.

One-way ANOVA: F-statistic = 70.740, r2 = 0.105, p = 0.000*

Bonf err oni

matri x:
1996 1997 1998 1999 2000 2001
1996 1. 000
1997 0. 000* 1.000
1998 1. 000 0. 000* 1.000
1999 0. 000* 1.000 0. 000* 1.000
2000 0.016* 0.000* 1.000 0. 000* 1.000
2001 0. 000* 0.000* 0.002* 0.000* 0.104 1. 000
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Tabl e A48.

One-way ANOVA statistics and matrix of Bonferroni-adjusted

pai rwi se conparisons of bluehead sucker nean condition factor data
(all I'ife stages conbined), in the San Juan River, Reach 6 (RM
180. 0- 155.0), COctober 1996 to Cctober 2001 (p < 0.10 = *
statistically significant relationship). Values in the matrix are
t he p-val ues for between-year conparisons.

One- way ANOVA:

F-statistic = 85.543, r2? = 0.223, p = 0.000*

Bonferroni matrix:
1996 1997 1998 1999 2000 2001

1996 1. 000

1997 0. 051* 1.000

1998 1. 000 0. 000* 1.000

1999 0. 000* 0.000* 0.000* 1.000

2000 1. 000 0. 001* 0.150 0. 000* 1.000

2001 0. 630 0. 001* 1.000 0. 000* 0.000* 1.000
Table A49. One-way ANOVA statistics and matrix of Bonferroni-adjusted

pai rwi se conparisons of bluehead sucker nean condition factor data
(all lI'ife stages combined), in the San Juan River, Reach 5 (RM
155.0-131.0), Cctober 1991 to Cctober 2001 (p < 0.10 = * =

statistically significant relationship). Values in the natrix are

the p-val ues for between-year comparisons.

One-way ANOVA: F-statistic = 10.152, r? = 0.066, p = 0.000*
Bonferroni matri x:
1991 1992 1993 1994 1995 1996 1997 1998 1999 2000 2001

1991 1.000

1992 1.000 1.000

1993 1.000 1.000 1.000

1994 1.000 1.000 1.000 1.000

1995 1.000 1.000 1.000 1.000 1.000

1996 1.000 1.000 1.000 0.209 1.000 1.000

1997 0.000* 0.000* 0.004* 1.000 0.039* 0.000* 1.000

1998 1.000 1.000 1.000 1.000 1.000 0.280 1.000 1.000

1999 1.000 1.000 1.000 1.000 1.000 1.000 0.744 1.000 1.000

2000 1.000 1.000 1.000 1.000 1.000 0.403 1.000 1.000 1.000 1.000

2001 0.000* 0.000* 0.000* 0.000* 0.000* 0.000* 0.000* 0.000* 0.000* 0.000* 1.000
Tabl e A50. One-way ANOVA statistics and matrix of Bonferroni-adjusted

pai rwi se conpari sons of bluehead sucker nean condition factor data
(all life stages conbined), in the San Juan River, Reach 4 (RM
131.0-106.0), Cctober 1991 to Cctober 2001 (p < 0.10 = * =

statistically significant relationship). Values in the matrix are

t he p-val ues for between-year conparisons.

One-way ANOVA: F-statistic = 5.954, r2 = 0.052, p = 0.000*
Bonferroni matri x:
1991 1992 1993 1994 1995 1996 1997 1998 1999 2000 2001
1991 1.000
1992 1.000 1.000
1993 0.057* 1.000 1.000
1994 0.003* 0.425 1.000 1.000
1995 0.577 1.000 1.000 1.000 1.000
1996 1.000 1.000 1.000 1.000 1.000 1.000
1997 0.000* 0.005* 0.838 1.000 0.384 0.148 1.000
1998 1.000 1.000 1.000 1.000 1.000 1.000 1.000 1.000
1999 0.479 1.000 1.000 1.000 1.000 1.000 0.977 1.000 1.000
2000 1.000 1.000 0.106 0.007* 0.580 0.955 0.000* 1.000 0.471 1.000
2001 1.000 1.000 0.018* 0.001* 0.215 0.396 0.000* 1.000 0.183 1.000 1.000

A-30



Tabl e A51.

One-way ANOVA statistics and matrix of Bonferroni-adjusted

pai rwi se conparisons of bluehead sucker nean condition factor data
(all I'ife stages conbined), in the San Juan River, Reach 3 (RM
106. 0-68.0), Cctober 1991 to October 2001 (p < 0.10 = * =
statistically significant relationship). Values in the matrix are
t he p-val ues for between-year conparisons.

One-way ANOVA:  F-statistic = 7.500, r?2 = 0.097, p = 0.000*

Bonferroni matri x:
1991 1992 1993 1994 1995 1996 1997 1998 1999 2000 2001

1991 1.000

1992 0.600 1.000

1993 0.289 1.000 1.000

1994 0.001* 1.000 1.000 1.000

1995 0.002* 1.000 1.000 1.000 1.000

1996 1.000 1.000 1.000 1.000 1.000 1.000

1997 0.007* 1.000 1.000 1.000 1.000 1.000 1.000

1998 1.000 1.000 1.000 1.000 1.000 1.000 1.000 1.000

1999 1.000 1.000 1.000 0.147 0.178 1.000 0.247 1.000 1.000

2000 0.028* 0.000* 0.000* 0.000* 0.000* 0.002* 0.000* 0.025* 1.000 1.000

2001 1.000 1.000 0.641 0.008* 0.015* 1.000 0.033* 1.000 1.000 0.059* 1.000
Tabl e A52. One-way ANOVA statistics and nmatrix of Bonferroni-adjusted

pai rwi se compari sons of bluehead sucker mean condition factor data
(all I'ife stages conbined), in the San Juan River, Reach 2 (RM
68.0-17.0), Cctober 1993 and October 1995-2001 (p < 0.10 = * =
statistically significant relationship). Values in the natrix are
t he p-val ues for between-year conparisons.

One-way ANOVA: F-statistic = 3.486, r?2 = 0.108, p = 0.002*
Bonf erron

1993
1995
1996
1997
1998
1999
2000
2001

matri x:
1993 1995 1996 1997 1998 1999 2000 2001
1. 000
1. 000 1. 000
0.086* 0.097* 1.000
1. 000 1. 000 0. 056* 1.000
1. 000 1. 000 1. 000 1. 000 1. 000
0. 597 1. 000 1. 000 0. 437 1. 000 1. 000
0.102 0.134 1. 000 0.068* 1.000 1. 000 1. 000
1. 000 1. 000 1. 000 1. 000 1. 000 1. 000 1. 000 1. 000

NOTE: No bl uehead sucker were collected in Reach 1, adjacent to Lake Powell,

durin

g 1991- 2001 sanpling
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Tabl e A53a.

One-way ANOVA statistics and matrix of Bonferroni-adjusted

pai rwi se conparisons of juvenile channel catfish CPUE data, in the
San Juan River, RM 180.0-0.0, Cctober 1996 to Cctober 2001 (p <
0.10 = * = statistically significant relationship). Values in the
matrix are the p-values for between-year comnparisons.

One-way ANOVA: F-statistic = 46.829, r? = 0.107, p = 0.000*

Bonferroni matrix:
1996 1997 1998 1999 2000 2001

1996 1. 000

1997 0. 075* 1.000

1998 0. 000* 0.230 1. 000

1999 0. 000* 0.000* 0.000* 1.000

2000 0. 000* 0.000* 0.000* 0.015* 1.000

2001 0. 000* 0.000* 0.000* 1.000 1. 000 1. 000
Tabl e A53b. One-way ANOVA statistics and matrix of Bonferroni-adjusted

pai rwi se conparisons of adult channel catfish CPUE data, in the
San Juan River, RM 180.0-0.0, Cctober 1996 to Cctober 2001 (p <
0.10 = * = statistically significant relationship). Values in the
matrix are the p-values for between-year conparisons.

One-way ANOVA: F-statistic = 15.107, r? = 0.037, p = 0.000*

Bonferroni matrix:
1996 1997 1998 1999 2000 2001

1996 1. 000

1997 0. 000* 1.000

1998 0. 004* 0. 823 1. 000

1999 1. 000 0.020* 1.000 1. 000

2000 0.526 0.018* 1.000 1. 000 1. 000

2001 0. 149 0. 000* 0.000* 0.001* 0.000* 1.000
Tabl e A53c. One-way ANOVA statistics and matrix of Bonferroni-adjusted

pai rwi se conparisons of total (juvenile + adult) channel catfish
CPUE data, in the San Juan River, RM 180.0-0.0, October 1996 to
Cctober 2001 (p < 0.10 = * = statistically significant

rel ationship). Values in the matrix are the p-values for between-
year comnparisons.

One-way ANOVA: F-statistic = 42.652, r2 = 0.098, p = 0.000*

Bonf err oni

matri x:
1996 1997 1998 1999 2000 2001
1996 1. 000
1997 0. 000* 1.000
1998 0. 000* 1.000 1. 000
1999 0. 000* 0.000* 0.000* 1.000
2000 0.530 0. 000* 0.000* O0.167 1. 000
2001 0. 000* 0.000* 0.000* 1.000 0. 007* 1.000
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Tabl e A54a.

One-way ANOVA statistics and matrix of Bonferroni-adjusted

pai rwi se conparisons of juvenile channel catfish CPUE data, in the
San Juan River, Reach 6 (RM 180.0-155.0), Cctober 1996 to Cctober
2001 (p < 0.10 = * = statistically significant relationship).
Values in the matrix are the p-values for between-year

conpari sons.

One-way ANOVA: F-statistic = 1.302, r2 = 0.029, p = 0.264

Bonferroni nmatrix:
1996 1997 1998 1999 2000 2001

1996 1. 000

1997 1. 000 1. 000

1998 1. 000 1. 000 1. 000

1999 0. 656 0. 390 1. 000 1. 000

2000 1. 000 1. 000 1. 000 1. 000 1. 000

2001 1. 000 1. 000 1. 000 1. 000 1. 000 1. 000
Tabl e A54b. One-way ANOVA statistics and nmatrix of Bonferroni-adjusted

pai rwi se comparisons of adult channel catfish CPUE data, in the
San Juan River, Reach 6 (RM 180.0-155.0), Cctober 1996 to Cctober
2001 (p < 0.10 = * = statistically significant relationship).
Values in the matrix are the p-val ues for between-year

conpari sons.

One-way ANOVA: F-statistic = 4.120, r? = 0.087, p = 0.001*

Bonferroni matri x:
1996 1997 1998 1999 2000 2001

1996 1. 000

1997 0. 043* 1.000

1998 1. 000 1. 000 1. 000

1999 0.234 1. 000 1. 000 1. 000

2000 0.132 1. 000 1. 000 1. 000 1. 000

2001 1. 000 0.011* 0.669 0. 079* 0.040* 1.000
Tabl e A54c. One-way ANOVA statistics and matrix of Bonferroni-adjusted

pai rwi se conparisons of total (juvenile + adult) channel catfish
CPUE data, in the San Juan River, Reach 6 (RM 180.0-155.0),

Cct ober 1996 to Cctober 2001 (p < 0.10 = * = statistically
significant relationship). Values in the matrix are the p-val ues
for between-year conparisons.

One-way ANOVA: F-statistic = 2.620, r?2 = 0.057, p = 0.025*

Bonf erron

matri x:
1996 1997 1998 1999 2000 2001
1996 1. 000
1997 0. 257 1.000
1998 1. 000 1. 000 1. 000
1999 1. 000 1. 000 1. 000 1. 000
2000 0.814 1. 000 1. 000 1. 000 1. 000
2001 1. 000 0. 040* 1.000 1. 000 0.174 1.000
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Tabl e Ab5a.

One-way ANOVA statistics and matrix of Bonferroni-adjusted pairw se
conpari sons of juvenile channel catfish CPUE data, in the San Juan
Ri ver, Reach 5 (RM 155.0-131.0), Cctober 1994 to Cctober 2001 (p <
0.10 = * = statistically significant relationship). Values in the
matrix are the p-values for between-year conparisons.

One-way ANOVA: F-statistic = 12.044, r2?2 = 0.192, p = 0.000*
Bonferroni matri x:
1994 1995 1996 1997 1998 1999 2000 2001

1994 1. 000

1995 1. 000 1. 000

1996 0. 809 1. 000 1. 000

1997 0. 546 1. 000 1. 000 1. 000

1998 0.000* 0.007* 0.515 0. 407 1. 000

1999 0.000* 0.001* 0.050* 0.038* 1.000 1. 000

2000 0. 000* 0.000* 0.000* 0.000* 0.013* 1.000 1. 000

2001 0. 006* 0.096* 1.000 1. 000 1. 000 1. 000 0.029* 1.000
Tabl e A55b. One-way ANOVA statistics and matrix of Bonferroni-adjusted pairw se

catfish CPUE data, in the San Juan

Ri ver, Reach 5 (RM 155.0-131.0), Cctober 1994 to October 2001 (p <
0.10 = * statistically significant relationship). Values in the
matrix are the p-values for between-year conparisons.

conpari sons of adult channel

One-way ANOVA: F-statistic = 21.729, r2 = 0.300, p = 0.000*
Bonferroni matrix:
1994 1995 1996 1997 1998 1999 2000 2001

1994 1. 000

1995 1. 000 1. 000

1996 0.025* 0.043* 1.000

1997 1. 000 1. 000 1. 000 1. 000

1998 0. 000* 0.000* 0.377 0.001* 1.000

1999 0.984 1. 000 1. 000 1.000 0.242 1. 000

2000 0. 000* 0.000* 0.010* 0.000* 1.000 0.008* 1.000

2001 0. 000* 0.000* 0.000* O0.000* 0.000* O0.000* 0.350 1. 000
Tabl e A55c. One-way ANOVA statistics and matrix of Bonferroni-adjusted pairw se

conpari sons of tota
the San Juan River,

(juvenile + adult) channel catfish CPUE data
Reach 5 (RM 155.0-131.0), Cctober

1991 to Cctober

2001 (p < 0.10 = * = statistically significant relationship). Values
in the matrix are the p-values for between-year conparisons.
One-way ANOVA: F-statistic = 20.459, r?2 = 0.266, p = 0.000*
Bonferroni matri x:
1991 1992 1993 1994 1995 1996 1997 1998 1999 2000 2001
1991 1.000
1992 0.044* 1.000
1993 0.813 0.000* 1.000
1994 0.000* 0.000* 0.840 1.000
1995 0.004* 0.000* 1.000 1.000 1.000
1996 1.000 0.005* 1.000 0.021* 0.241 1.000
1997 1.000 0.000* 1.000 0.362 1.000 1.000 1.000
1998 0.643 1.000 0.000* 0.000* 0.000* 0.101 0.001* 1.000
1999 1.000 1.000 0.250 0.000* 0.004* 1.000 0.660 1.000 1.000
2000 0.000* 0.127 0.000* 0.000* 0.000* 0.000* 0.000* 0.064* 0.013* 1.000
2001 0.000* 0.669 0.000* 0.000* 0.000* 0.000* 0.000* 0.335 0.065* 1.000 1.000
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Tabl e

A56a

One-way ANOVA statistics and matrix of Bonferroni-adjusted pairw se
conpari sons of juvenile channel catfish CPUE data, in the San Juan
Ri ver, Reach 4 (RM 131.0-106.0), Cctober 1994 to Cctober 2001 (p <
0.10 = * = statistically significant relationship). Values in the
matrix are the p-values for between-year conparisons.

One-way ANOVA: F-statistic = 21.224, r2?2 = 0.246, p = 0.000*

Bonferroni matri x:
1994 1995 1996 1997 1998 1999 2000 2001

1994 1. 000

1995 1. 000 1. 000

1996 0. 284 0. 559 1. 000

1997 0. 000* 0.000* 0.619 1. 000

1998 1. 000 1. 000 0.174 0. 000* 1.000

1999 0. 000* 0.000* 0.000* 0.000* 0.000* 1.000

2000 0. 000* 0.000* 0.476 1. 000 0. 000* 0.002* 1.000

2001 0. 000* 0.000* 0.104 1. 000 0. 000* 0.008* 1.000 1. 000
Tabl e A56b. One-way ANOVA statistics and matrix of Bonferroni-adjusted pairw se

conpari sons of adult channel catfish CPUE data, in the San Juan

Ri ver, Reach 4 (RM 131.0-106.0), Cctober 1994 to October 2001 (p <
0.10 = * = statistically significant relationship). Values in the
matrix are the p-values for between-year conparisons.

One-way ANOVA: F-statistic = 15.108, r2 = 0.189, p = 0.000*

Bonferroni matrix:
1994 1995 1996 1997 1998 1999 2000 2001

1994 1. 000

1995 0. 311 1. 000

1996 0.001* 0.000* 1.000

1997 1. 000 0. 145 0.001* 1.000

1998 0. 065* 1.000 0. 000* 0.030* 1.000

1999 1. 000 0. 002* 1.000 1.000 0.001* 1.000

2000 0.027* 0.000* 1.000 0.048* 0.000* 1.000 1. 000

2001 0.001* 0.000* 1.000 0.001* 0.000* 0.600 1. 000 1. 000
Tabl e A56c. One-way ANOVA statistics and matrix of Bonferroni-adjusted pairw se

conpari sons of total (juvenile + adult) channel catfish CPUE data, in
the San Juan River, Reach 4 (RM 131.0-106.0), Cctober 1991 to Cctober
2001 (p < 0.10 = * = statistically significant relationship). Values
in the matrix are the p-values for between-year conparisons.

One-way ANOVA: F-statistic = 23.837, r2 = 0.266, p = 0.000*
rroni matrix:

Bonf e

1991
1992
1993
1994
1995
1996
1997
1998
1999
2000
2001

1991
000
000*
000
000
000
009*
007*
000
000*
000*
000*

eooroorkrRPROR

1992 1993 1994 1995 1996 1997 1998 1999 2000 2001

1. 000

0. 000* 1.000

0. 000* 1.000 1. 000

0. 000* 1.000 1. 000 1. 000

0.169 0.165 0.001* 0.000* 1.000

0.133 0.145 0.001* 0.000* 1.000 1. 000

0.000* 0.142 1. 000 1.000 0.000* 0.000* 1.000

1.000 0.000* 0.000* 0.000* O0.000* 0.000* 0.000* 1.000

1.000 0.001* 0.000* 0.000* 1.000 1.000 0.000* 0.322 1. 000

1.000 0.000* 0.000* 0.000* 0.326 0.269 0.000* 1.000 1. 000 1. 000
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Tabl e

A57a

One-way ANOVA statistics and matrix of Bonferroni-adjusted pairw se
conpari sons of juvenile channel catfish CPUE data, in the San Juan

Ri ver, Reach 3 (RM 106.0-68.0), Cctober 1994 to Cctober 2001 (p < 0.10
= * = statistically significant relationship). Values in the matrix
are the p-values for between-year conparisons.

One-way ANOVA: F-statistic = 14.746, r2 = 0.125, p = 0.000*

Bonferroni matri x:
1994 1995 1996 1997 1998 1999 2000 2001

1994 1. 000

1995 0. 000* 1.000

1996 1. 000 0. 000* 1.000

1997 0. 406 0.001* 1.000 1. 000

1998 0. 140 0. 000* 0.000* 0.000* 1.000

1999 0.094* 0.506 1. 000 1. 000 0. 000* 1.000

2000 1. 000 0. 003* 1.000 1. 000 0. 000* 1.000 1. 000

2001 0. 000* 1.000 0. 045* 0.190 0. 000* 1.000 0. 244 1. 000
Tabl e A57b. One-way ANOVA statistics and matrix of Bonferroni-adjusted pairw se

conpari sons of adult channel catfish CPUE data, in the San Juan

Ri ver, Reach 3 (RM 106.0-68.0), Cctober 1994 to Cctober 2001 (p <
0.10 = * = statistically significant relationship). Values in the
matrix are the p-values for between-year conparisons.

One-way ANOVA: F-statistic = 12.661, r?2 = 0.109, p = 0.000*

Bonferroni matrix:
1994 1995 1996 1997 1998 1999 2000 2001

1994 1. 000

1995 1. 000 1. 000

1996 0.022* 1.000 1. 000

1997 0. 044* 0.000* 0.000* 1.000

1998 0.001* 0.000* 0.000* 1.000 1. 000

1999 1. 000 1. 000 1.000 0.033* 0.001* 1.000

2000 1. 000 0.003* 0.000* 1.000 1.000 0.478 1. 000

2001 1. 000 0. 899 0.030* 0.357 0.010* 1.000 1. 000 1. 000
Tabl e A57c. One-way ANOVA statistics and matrix of Bonferroni-adjusted pairw se

conpari sons of total (juvenile + adult) channel catfish CPUE data, in
the San Juan River, Reach 3 (RM 106.0-68.0), Cctober 1991 to Cctober
2001 (p < 0.10 = * = statistically significant relationship). Values
in the matrix are the p-values for between-year conparisons.

One-way ANOVA: F-statistic = 19.269, r2 = 0.162, p = 0.000*
rroni matrix:

Bonf e

1991
1992
1993
1994
1995
1996
1997
1998
1999
2000
2001

1991
000
003*
000*
000
000*
000
000
004*
000
000
099*

eFPrPrOoORPPORPROOR

1992 1993 1994 1995 1996 1997 1998 1999 2000 2001

1. 000

0. 000* 1.000

0.000* 0.001* 1.000

1.000 0.000* 0.000* 1.000

1.000 0.000* 0.348 0.058* 1.000

0.003* 0.000* 1.000 0.000* 1.000 1. 000

0.000* 1.000 0.010* 0.000* 0.000* 0.000* 1.000

1.000 0.000* 0.535 1. 000 1. 000 1.000 0.000* 1.000

0.023* 0.000* 1.000 0.000* 1.000 1.000 0.001* 1.000 1. 000

1.000 0.000* 0.010* 1.000 1.000 0.134 0.000* 1.000 0.451 1. 000
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Tabl e A58a.

One-way ANOVA statistics and matrix of Bonferroni-adjusted

pai rwi se conparisons of juvenile channel catfish CPUE data, in the
San Juan River, Reach 2 (RM 68.0-17.0), Cctober 1995 to Cctober
2001 (p < 0.10 = * = statistically significant relationship).
Values in the matrix are the p-values for between-year

conpari sons.

One-way ANOVA: F-statistic = 41.002, r2 = 0.285, p = 0.000*

Bonferroni matrix:
1995 1996 1997 1998 1999 2000 2001

1995 1. 000

1996 0.525 1. 000

1997 0. 000* 0.000* 1.000

1998 0.000* 0.000* 1.000 1. 000

1999 0. 014* 0.000* 0.000* 0.000* 1.000

2000 1. 000 0. 051* 0.000* 0.000* 0.029* 1.000

2001 1. 000 0. 000* 0.000* 0.000* 1.000 1. 000 1. 000
Tabl e A58b. One-way ANOVA statistics and matrix of Bonferroni-adjusted

pai rwi se comparisons of adult channel catfish CPUE data, in the
San Juan River, Reach 2 (RM 68.0-17.0), October 1995 to October
2001 (p < 0.10 = * = statistically significant relationship).
Values in the matri x are the p-val ues for between-year

conpari sons.

One-way ANOVA: F-statistic = 20.781, r? = 0.168, p = 0.000*

Bonferroni matrix:
1995 1996 1997 1998 1999 2000 2001

1995 1. 000

1996 0. 000* 1.000

1997 0. 000* 0.000* 1.000

1998 0. 000* 1.000 0. 032* 1.000

1999 1. 000 0. 000* 0.000* 0.000* 1.000

2000 0. 000* 1.000 0. 000* 0. 455 0.018* 1.000

2001 0. 007* 1.000 0. 000* 0.128 0. 168 1. 000 1. 000
Tabl e A58c. One-way ANOVA statistics and matrix of Bonferroni-adjusted

pai rwi se conparisons of total (juvenile + adult) channel catfish
CPUE data, in the San Juan River, Reach 2 (RM 68.0-17.0), Cctober
1993 and COctober 1995-2001 (p < 0.10 = * = statistically
significant relationship). Values in the matrix are the p-val ues
for between-year conparisons.

One-way ANOVA: F-statistic = 63.369, r?2 = 0.378, p = 0.000*

Bonf erron

1993
1995
1996
1997
1998
1999
2000
2001

matri x:
1993 1995 1996 1997 1998 1999 2000 2001
1. 000
0. 000* 1.000
0. 000* 0.014* 1.000
1. 000 0. 000* 0.000* 1.000
0.212 0. 000* 0.000* 0.235 1. 000
0. 000* 0.043* 0.000* 0.000* 0.000* 1.000
0. 000* 1.000 0.034* 0.000* 0.000* 0.002* 1.000
0. 000* 1.000 0. 000* 0.000* 0.000* 0.438 1. 000 1. 000
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Tabl e A59a.

One-way ANOVA statistics and matrix of Bonferroni-adjusted

pai rwi se conparisons of juvenile channel catfish CPUE data, in the
San Juan River, Reach 1 (RM 17.0-0.0), Cctober 1995 to Cctober
2001 (p < 0.10 = * = statistically significant relationship).
Values in the matrix are the p-values for between-year
conpari sons.
One-way ANOVA: F-statistic = 7.068, r2 = 0.242, p = 0.000*
Bonferroni matrix:
1995 1996 1997 1998 1999 2000 2001
1995 1. 000
1996 0. 003* 1.000
1997 0. 000* 1.000 1. 000
1998 0. 001* 1.000 1. 000 1. 000
1999 1. 000 0.736 0. 139 0.231 1. 000
2000 0. 032* 1.000 1. 000 1. 000 1. 000 1. 000
2001 1. 000 0. 008* 0.001* 0.002* 1.000 0.076* 1.000
Tabl e A59b. One-way ANOVA statistics and nmatrix of Bonferroni-adjusted
pai rwi se comparisons of adult channel catfish CPUE data, in the
San Juan River, Reach 1 (RM 17.0-0.0), Cctober 1995 to Cctober
2001 (p < 0.10 = * = statistically significant relationship).
Values in the matrix are the p-val ues for between-year
conpari sons.
One-way ANOVA: F-statistic = 2.771, r? = 0.111, p = 0.014*
Bonferroni matri x:
1995 1996 1997 1998 1999 2000 2001
1995 1. 000
1996 1. 000 1. 000
1997 0. 457 1. 000 1. 000
1998 1. 000 1. 000 1. 000 1. 000
1999 1. 000 1. 000 1. 000 1. 000 1. 000
2000 1. 000 1. 000 1. 000 1. 000 1. 000 1. 000
2001 1. 000 0. 243 0. 007* 0.057* 0.357 0. 390 1. 000
Tabl e A59c. One-way ANOVA statistics and matrix of Bonferroni-adjusted
pai rwi se conparisons of total (juvenile + adult) channel catfish
CPUE data, in the San Juan River, Reach 1 (RM 17.0-0.0), October
1993 and COctober 1995-2001 (p < 0.10 = * = statistically
significant relationship). Values in the matrix are the p-val ues
for between-year conparisons.
One-way ANOVA: F-statistic = 8.595, r2 = 0.273, p = 0.000*
Bonferroni matrix:
1993 1995 1996 1997 1998 1999 2000 2001
1993 1. 000
1995 0. 000* 1.000
1996 1. 000 0. 002* 1.000
1997 1. 000 0. 000* 1.000 1. 000
1998 1. 000 0. 000* 1.000 1. 000 1. 000
1999 0. 152 1. 000 1. 000 0.128 0. 370 1. 000
2000 1. 000 0. 027* 1.000 1. 000 1. 000 1. 000 1. 000
2001 0. 000* 1.000 0. 001* 0.000* 0.000* 0.993 0.013* 1.000
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Tabl e A60.

One-way ANOVA statistics and matrix of Bonferroni-adjusted

pai rwi se conpari sons of channel catfish nean total |ength data
(all I'ife stages conbined), in the San Juan River, RM 180.0-0.0,
Cctober 1996 to Cctober 2001 (p < 0.10 = * = statistically
significant relationship). Values in the matrix are the p-val ues
for between-year conparisons.

One-way ANOVA: F-statistic = 37.350, r2 = 0.039, p = 0.000*

Bonf err oni

matri x:
1996 1997 1998 1999 2000 2001
1996 1. 000
1997 0. 393 1. 000
1998 0.013* 0.000* 1.000
1999 0. 000* 0.000* 0.000* 1.000
2000 0. 000* 0.002* 0.000* 0.054* 1.000
2001 0. 000* 0.001* 0.000* 0.090* 1.000 1. 000
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Tabl e A61.

One-way ANOVA statistics and matrix of Bonferroni-adjusted
pai rwi se conpari sons of channel catfish nean total |ength data
(all I'ife stages conbined), in the San Juan River, Reach 6 (RM
180. 0- 155.0), Cctober 1996 to Cctober 2001 (p < 0.10 = * =

statistically significant relationship). Values in the matrix are
t he p-val ues for between-year conparisons.
One-way ANOVA: F-statistic = 4.393, r?2 = 0.090, p = 0.001*
Bonferroni matrix:
1996 1997 1998 1999 2000 2001
1996 1. 000
1997 1. 000 1. 000
1998 1. 000 1. 000 1. 000
1999 0. 348 0. 010* 0.000* 1.000
2000 1. 000 1. 000 0.518 0. 588 1. 000
2001 1. 000 1. 000 0. 807 0.172 1. 000 1. 000
Table A62. One-way ANOVA statistics and matrix of Bonferroni-adjusted
pai rwi se conparisons of channel catfish nean total |ength data
(all lI'ife stages combined), in the San Juan River, Reach 5 (RM
155.0-131.0), Cctober 1991 to Cctober 2001 (p < 0.10 = * =
statistically significant relationship). Values in the natrix are
the p-val ues for between-year comparisons.
One-way ANOVA: F-statistic = 20.781, r? = 0.110, p = 0.000*
Bonferroni matrix:
1991 1992 1993 1994 1995 1996 1997 1998 1999 2000 2001
1991 1.000
1992 1.000 1.000
1993 0.000* 0.000* 1.000
1994 0.014* 0.010* 0.206 1.000
1995 1.000 1.000 0.000* 0.018* 1.000
1996 0.202 0.149 0.000* 1.000 0.266 1.000
1997 1.000 1.000 0.000* 0.243 1.000 1.000 1.000
1998 1.000 1.000 0.000* 0.004* 1.000 0.052* 1.000 1.000
1999 0.000* 0.000* 0.000* 0.000* 0.000* 0.000* 0.000* 0.000* 1.000
2000 1.000 1.000 0.000* 0.053* 1.000 0.708 1.000 1.000 0.000* 1.000
2001 1.000 1.000 0.000* 1.000 1.000 1.000 1.000 1.000 0.000* 1.000 1.000
Table A63. One-way ANOVA statistics and matrix of Bonferroni-adjusted
pai rwi se conparisons of channel catfish nmean total |ength data
(all life stages conbined), in the San Juan River, Reach 4 (RM
131.0-106.0), Cctober 1991 to Cctober 2001 (p < 0.10 = * =
statistically significant relationship). Values in the matrix are

t he p-val ues for between-year conparisons.

One-way ANOVA: F-statistic = 11.824, r? = 0.079, p = 0.000*

Bonferroni matri x:
1991 1992 1993 1994 1995 1996 1997 1998 1999 2000 2001
1991 1.000
1992 1.000 1.000
1993 1.000 0.081* 1.000
1994 0.000* 0.000* 0.061* 1.000
1995 1.000 0.228 1.000 0.022* 1.000
1996 1.000 0.036* 1.000 0.091* 1.000 1.000
1997 1.000 1.000 0.000* 0.000* 0.000* 0.000* 1.000
1998 1.000 1.000 1.000 0.006* 1.000 0.983 1.000 1.000
1999 1.000 1.000 0.000* 0.000* 0.001* 0.000* 1.000 1.000 1.000
2000 1.000 0.935 1.000 0.012* 1.000 1.000 0.001* 1.000 0.010* 1.000
2001 1.000 1.000 0.007* 0.000* 0.029* 0.002* 1.000 1.000 1.000 0.217 1.000
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Tabl e

AG4.

One-way ANOVA statistics and matrix of Bonferroni-adjusted

pai rwi se conparisons of channel catfish nean total |ength data
(all I'ife stages conbined), in the San Juan River, Reach 3 (RM
106. 0-68.0), Cctober 1991 to October 2001 (p < 0.10 = * =
statistically significant relationship). Values in the matrix are
t he p-val ues for between-year conparisons.

One-way ANOVA: F-statistic = 12.216, r? = 0.048, p = 0.000*

Bonferroni matri x:
1991 1992 1993 1994 1995 1996 1997 1998 1999 2000 2001

1991 1.000

1992 1.000 1.000

1993 0.001* 0.000* 1.000

1994 0.002* 0.000* 1.000 1.000

1995 1.000 1.000 0.000* 0.000* 1.000

1996 1.000 0.011* 0.302 1.000 0.317 1.000

1997 1.000 1.000 0.000* 0.000* 1.000 0.001* 1.000

1998 1.000 1.000 1.000 1.000 1.000 1.000 0.268 1.000

1999 1.000 1.000 0.000* 0.000* 1.000 0.019* 1.000 0.803 1.000

2000 1.000 1.000 0.000* 0.000* 0.526 0.000* 1.000 0.059* 1.000 1.000

2001 0.313 1.000 0.000* 0.000* 0.082* 0.000* 1.000 0.017* 1.000 1.000 1.000
Tabl e A65. One-way ANOVA statistics and matrix of Bonferroni-adjusted

pai rwi se comparisons of channel catfish mean total |ength data
(all I'ife stages conbined), in the San Juan River, Reach 2 (RM
68.0-17.0), Cctober 1993 and October 1995-2001 (p < 0.10 = * =
statistically significant relationship). Values in the natrix are
t he p-val ues for between-year conparisons.

One-way ANOVA: F-statistic = 13.331, r? = 0.050, p = 0.000*

Bonferroni matrix:
1993 1995 1996 1997 1998 1999 2000 2001

1993  1.000

1995  0.000* 1.000

1996  0.000* 1.000 1.000

1997  0.004* 1.000 1.000 1.000

1998 0.149 1.000 1.000 1.000 1.000

1999  0.000* 0.084* 0.559 1.000 0.047* 1.000

2000 0.000* 0.011* 0.088* 1.000 0.011* 1.000 1.000

2001 0.000* 0.246 1.000 1.000 0.109 1.000 1.000 1.000
Tabl e A66. One-way ANOVA statistics and matrix of Bonferroni-adjusted

pai rwi se conparisons of channel catfish nmean total |ength data
(all life stages conbined), in the San Juan River, Reach 1 (RM
17.0-0.0), October 1993 and Cctober 1995-2001 (p < 0.10 = * =
statistically significant relationship). Values in the matrix are
t he p-val ues for between-year conparisons.

One-way ANOVA: F-statistic = 6.772, r?2 = 0.261, p = 0.000*
Bonf er r oni

1993
1995
1996
1998
1999
2000
2001

matri x:
1993 1995 1996 1998 1999 2000 2001
1. 000
0.005* 1.000
0.423 1.000 1.000
1.000 1.000 1.000 1.000
0.000* 1.000 0.001* 1.000 1.000
0.022* 1.000 1.000 1.000 1.000 1.000
0.034* 1.000 1.000 1.000 0.136 1.000 1.000

NOTE: No channel catfish were neasured on DMs in Reach 1 in 1997
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Tabl e A67.

One-way ANOVA statistics and matrix of Bonferroni-adjusted

pai rwi se conparisons of channel catfish nean bi onass data (al
life stages conbined), in the San Juan River, RM 180.0-0.0,
Cctober 1996 to Cctober 2001 (p < 0.10 = * = statistically
significant relationship). Values in the matrix are the p-val ues
for between-year conparisons.

One-way ANOVA: F-statistic = 26.629, r2 = 0.028, p = 0.000*

Bonf err oni

matri x:
1996 1997 1998 1999 2000 2001
1996 1. 000
1997 0. 503 1. 000
1998 0. 006* 0.000* 1.000
1999 0. 000* 0.000* 0.000* 1.000
2000 0. 000* 0.024* 0.000* 1.000 1. 000
2001 0. 000* 0.210 0. 000* 0. 147 1. 000 1. 000
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Tabl e A6S.

One-way ANOVA statistics and matrix of Bonferroni-adjusted

pai rwi se conparisons of channel catfish nean bi onass data (al

life stages conbined), in the San Juan River, Reach 6 (RM 180. 0-
155.0), Cctober 1996 to Cctober 2001 (p < 0.10 = * = statistically
significant relationship). Values in the matrix are the p-val ues
for between-year conparisons.

One-way ANOVA: F-statistic = 3.951, r?2 = 0.082, p = 0.002*

Bonferroni nmatrix:
1996 1997 1998 1999 2000 2001

1996 1. 000

1997 1. 000 1. 000

1998 1. 000 1. 000 1. 000

1999 0. 408 0. 047* 0.001* 1.000

2000 1. 000 1. 000 0.779 0.519 1. 000

2001 1. 000 1. 000 0.618 0. 296 1. 000 1. 000
Table A69. One-way ANOVA statistics and matrix of Bonferroni-adjusted

pai rwi se conparisons of channel catfish nean bi omass data (al

life stages conbined), in the San Juan River, Reach 5 (RM 155. 0-
131.0), October 1991 to COctober 2001 (p < 0.10 = * = statistically
significant relationship). Values in the matrix are the p-val ues
for between-year conparisons.

One-way ANOVA: F-statistic = 16.483, r? = 0.089, p = 0.000*

Bonferroni matri x:
1991 1992 1993 1994 1995 1996 1997 1998 1999 2000 2001

1991 1.000

1992 1.000 1.000

1993 0.000* 0.000* 1.000

1994 0.021* 0.001* 1.000 1.000

1995 1.000 1.000 0.000* 0.119 1.000

1996 0.662 0.049* 0.001* 1.000 1.000 1.000

1997 1.000 1.000 0.000* 0.024* 1.000 0.722 1.000

1998 1.000 1.000 0.000* 0.001* 1.000 0.027* 1.000 1.000

1999 0.002* 0.007* 0.000* 0.000* 0.000* 0.000* 0.003* 0.230 1.000

2000 1.000 1.000 0.000* 0.004* 1.000 0.136 1.000 1.000 0.055* 1.000

2001 1.000 1.000 0.001* 1.000 1.000 1.000 1.000 0.760 0.000* 1.000 1.000
Tabl e A70. One-way ANOVA statistics and matrix of Bonferroni-adjusted

pai rwi se conpari sons of channel catfish nmean bi onass data (al

life stages conmbined), in the San Juan River, Reach 4 (RM 131. 0-
106.0), October 1991 to October 2001 (p < 0.10 = * = statistically
significant relationship). Values in the matrix are the p-val ues
for between-year conparisons.

One-way ANOVA: F-statistic = 8.643, r2 = 0.059, p = 0.000*

Bonferroni matri x:
1991 1992 1993 1994 1995 1996 1997 1998 1999 2000 2001
1991 1.000
1992 1.000 1.000
1993 1.000 0.076* 1.000
1994 0.002* 0.000* 0.496 1.000
1995 1.000 1.000 1.000 0.030* 1.000
1996 1.000 0.847 1.000 0.033* 1.000 1.000
1997 1.000 1.000 0.001* 0.000* 0.026* 0.013* 1.000
1998 1.000 1.000 1.000 0.098* 1.000 1.000 1.000 1.000
1999 1.000 1.000 0.000* 0.000* 0.017* 0.008* 1.000 1.000 1.000
2000 1.000 1.000 1.000 0.002* 1.000 1.000 0.796 1.000 0.703 1.000
2001 1.000 1.000 0.002* 0.000* 0.114 0.061* 1.000 1.000 1.000 1.000 1.000
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Tabl e

A71.

One-way ANOVA statistics and matrix of Bonferroni-adjusted

pai rwi se conparisons of channel catfish nean bi onass data (al
life stages conbined), in the San Juan River, Reach 3 (RM 106. 0-
68.0), October 1991 to Cctober 2001 (p < 0.10 = * = statistically
significant relationship). Values in the matrix are the p-val ues
for between-year conparisons.

One-way ANOVA: F-statistic = 13.376, r? = 0.053, p = 0.000*

Bonferroni matri x:
1991 1992 1993 1994 1995 1996 1997 1998 1999 2000 2001

1991 1.000

1992 1.000 1.000

1993 0.006* 0.000* 1.000

1994 0.005* 0.000* 1.000 1.000

1995 1.000 1.000 0.000* 0.000* 1.000

1996 1.000 1.000 0.002* 0.001* 1.000 1.000

1997 0.357 1.000 0.000* 0.000* 0.341 0.108 1.000

1998 1.000 0.027* 1.000 1.000 0.323 0.941 0.001* 1.000

1999 1.000 1.000 0.000* 0.000* 1.000 1.000 1.000 0.017* 1.000

2000 0.033* 1.000 0.000* 0.000* 0.015* 0.004* 1.000 0.000* 1.000 1.000

2001 0.087* 1.000 0.000* 0.000* 0.055* 0.016* 1.000 0.000* 1.000 1.000 1.000
Tabl e A72. One-way ANOVA statistics and nmatrix of Bonferroni-adjusted

pai rwi se compari sons of channel catfish mean bi omass data (al

life stages conbined), in the San Juan River, Reach 2 (RM 68. 0-
17.0), Cctober 1993 and Cctober 1995-2001 (p < 0.10 = * =
statistically significant relationship). Values in the natrix are
t he p-val ues for between-year conparisons.

One-way ANOVA: F-statistic = 9.075, r?2 = 0.034, p = 0.000*

Bonferroni matrix:
1993 1995 1996 1997 1998 1999 2000 2001

1993  1.000

1995  0.071* 1.000

1996  0.005* 1.000 1.000

1997 1.000 1.000 1.000 1.000

1998 1.000 1.000 0.511 1.000 1.000

1999  0.000* 0.374 1.000 0.450 0.005* 1.000

2000 0.000* 0.044* 0.165 0.154 0.001* 1.000 1.000

2001 0.000* 0.667 1.000 0.624 0.008* 1.000 1.000 1.000
Tabl e A73. One-way ANOVA statistics and matrix of Bonferroni-adjusted

pai rwi se conpari sons of channel catfish nmean bi onmass data (al

life stages conbined), in the San Juan River, Reach 1 (RM 17.0-
0.0), Cctober 1993 and October 1995-2001 (p < 0.10 = * =
statistically significant relationship). Values in the matrix are
t he p-val ues for between-year conparisons.

One-way ANOVA: F-statistic = 2.506, r?2 = 0.116, p = 0.026*
Bonf er r oni

1993
1995
1996
1998
1999
2000
2001

ROoOROOR

matri x:
1993 1995 1996 1998 1999 2000 2001
000
053* 1.000
344 1.000 1.000
000 1.000 1.000 1.000
013* 1.000 1.000 1.000 1.000
256 1.000 1.000 1.000 1.000 1.000
000 1.000 1.000 1.000 1.000 1.000 1.000

NOTE: No channel catfish were weighed on DMs in Reach 1 in 1997
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Tabl e A74.

One-way ANOVA statistics and matrix of Bonferroni-adjusted

pai rwi se conparisons of channel catfish nean condition factor data
(all I'ife stages conbined), in the San Juan River, RM 180.0-0.0,
Cctober 1996 to Cctober 2001 (p < 0.10 = * = statistically
significant relationship). Values in the matrix are the p-val ues
for between-year conparisons.

One-way ANOVA: F-statistic = 11.634, r2 = 0.013, p = 0.000*

Bonf err oni

matri x:
1996 1997 1998 1999 2000 2001
1996 1. 000
1997 1. 000 1. 000
1998 1. 000 1. 000 1. 000
1999 0. 000* 0.000* 0.000* 1.000
2000 0. 064* 0.150 0.009* 0.035* 1.000
2001 1. 000 1. 000 1. 000 0. 000* 0. 315 1. 000
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Tabl e A75.

One-way ANOVA statistics and matrix of Bonferroni-adjusted

pai rwi se conparisons of channel catfish nean condition factor data
(all I'ife stages conbined), in the San Juan River, Reach 6 (RM
180. 0- 155.0), COctober 1996 to Cctober 2001 (p < 0.10 = *
statistically significant relationship). Values in the matrix are
t he p-val ues for between-year conparisons.

One- way ANOVA:

F-statistic = 5.475, r2 = 0.110, p = 0.000*

Bonferroni nmatrix:
1996 1997 1998 1999 2000 2001

1996 1. 000

1997 1. 000 1. 000

1998 1. 000 1. 000 1. 000

1999 1. 000 0. 862 0.132 1. 000

2000 1. 000 0. 153 0. 228 0. 000* 1.000

2001 1. 000 0. 385 0. 603 0. 000* 1.000 1. 000
Table A76. One-way ANOVA statistics and matrix of Bonferroni-adjusted

pai rwi se conparisons of channel catfish nean condition factor data
(all lI'ife stages combined), in the San Juan River, Reach 5 (RM
155.0-131.0), Cctober 1991 to Cctober 2001 (p < 0.10 = * =

statistically significant relationship). Values in the natrix are

the p-val ues for between-year comparisons.

One-way ANOVA: F-statistic = 22.727, r? = 0.119, p = 0.000*
Bonferroni matri x:
1991 1992 1993 1994 1995 1996 1997 1998 1999 2000 2001

1991 1.000

1992 1.000 1.000

1993 0.048* 0.000* 1.000

1994 0.423 0.001* 1.000 1.000

1995 1.000 1.000 0.000* 0.007* 1.000

1996 1.000 1.000 0.001* 0.021* 1.000 1.000

1997 0.532 1.000 0.000* 0.000* 1.000 1.000 1.000

1998 0.000* 0.000* 0.000* 0.000* 0.000* 0.000* 0.000* 1.000

1999 0.000* 0.061* 0.000* 0.000* 0.007* 0.051* 0.960 0.002* 1.000

2000 1.000 1.000 0.000* 0.002* 1.000 1.000 1.000 0.000* 0.371 1.000

2001 1.000 0.034* 1.000 1.000 0.209 0.405 0.011* 0.000* 0.000* 0.056* 1.000
Table A77. One-way ANOVA statistics and matrix of Bonferroni-adjusted

pai rwi se conpari sons of channel catfish nean condition factor data
(all life stages conbined), in the San Juan River, Reach 4 (RM
131.0-106.0), Cctober 1991 to Cctober 2001 (p < 0.10 = * =

statistically significant relationship). Values in the matrix are

t he p-val ues for between-year conparisons.

One-way ANOVA: F-statistic = 9.326, r2 = 0.063, p = 0.000*
Bonferroni matri x:
1991 1992 1993 1994 1995 1996 1997 1998 1999 2000 2001
1991 1.000
1992 1.000 1.000
1993 1.000 0.063* 1.000
1994 1.000 0.000* 1.000 1.000
1995 1.000 1.000 1.000 0.117 1.000
1996 1.000 1.000 0.825 0.002* 1.000 1.000
1997 0.019* 1.000 0.000* 0.000* 0.012* 0.352 1.000
1998 1.000 1.000 1.000 0.079* 1.000 1.000 1.000 1.000
1999 0.001* 0.592 0.000* 0.000* 0.000* 0.012* 1.000 1.000 1.000
2000 1.000 1.000 0.052* 0.000* 1.000 1.000 1.000 1.000 1.000 1.000
2001 1.000 1.000 0.096* 0.000* 1.000 1.000 0.912 1.000 0.033* 1.000 1.000
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Tabl e

A78.

One-way ANOVA statistics and matrix of Bonferroni-adjusted

pai rwi se conparisons of channel catfish nean condition factor data
(all I'ife stages conbined), in the San Juan River, Reach 3 (RM
106. 0-68.0), Cctober 1991 to October 2001 (p < 0.10 = * =
statistically significant relationship). Values in the matrix are
t he p-val ues for between-year conparisons.

One-way ANOVA: F-statistic = 10.145, r? = 0.041, p = 0.000*

Bonferroni matri x:
1991 1992 1993 1994 1995 1996 1997 1998 1999 2000 2001

1991 1.000

1992 1.000 1.000

1993 1.000 0.912  1.000

1994 0.101 0.002* 1.000 1.000

1995 0.142 0.289 0.001* 0.000* 1.000

1996 1.000 1.000 0.013* 0.000* 1.000 1.000

1997 0.052* 0.108 0.000* 0.000* 1.000 1.000 1.000

1998 0.176  0.022* 1.000 1.000 0.000* 0.000* 0.000* 1.000

1999 1.000 1.000 1.000 0.006* 1.000 1.000 0.463 0.030* 1.000

2000 1.000 1.000 0.013* 0.000* 1.000 1.000 1.000 0.000* 1.000 1.000

2001 0.848 1.000 0.009* 0.000* 1.000 1.000 1.000 0.000* 1.000 1.000 1.000
Tabl e A79. One-way ANOVA statistics and nmatrix of Bonferroni-adjusted

pai rwi se compari sons of channel catfish mean condition factor data
(all I'ife stages conbined), in the San Juan River, Reach 2 (RM
68.0-17.0), Cctober 1993 and October 1995-2001 (p < 0.10 = * =
statistically significant relationship). Values in the natrix are
t he p-val ues for between-year conparisons.

One-way ANOVA: F-statistic = 27.639, r? = 0.098, p = 0.000*

Bonferroni matrix:
1993 1995 1996 1997 1998 1999 2000 2001

1993  1.000

1995  0.010* 1.000

1996 0.161 1.000 1.000

1997  0.551  0.000* 0.001* 1.000

1998  0.077* 0.000* 0.000* 1.000 1.000

1999  0.000* 0.000* 0.000* 0.000* 0.000* 1.000

2000  0.000* 0.027* 0.000* 0.000* 0.000* 1.000 1.000

2001  0.000* 1.000 0.014* 0.000* 0.000* 0.137 1.000 1.000
Tabl e AB0. One-way ANOVA statistics and matrix of Bonferroni-adjusted

pai rwi se conpari sons of channel catfish nmean condition factor data
(all life stages conbined), in the San Juan River, Reach 1 (RM
17.0-0.0), October 1993 and Cctober 1995-2001 (p < 0.10 = * =
statistically significant relationship). Values in the matrix are
t he p-val ues for between-year conparisons.

One-way ANOVA: F-statistic = 2.063, r?2 = 0.097, p = 0.063*
Bonf er r oni

1993
1995
1996
1998
1999
2000
2001

PRRPORRPE

matri x:
1993 1995 1996 1998 1999 2000 2001
000
000 1.000
000 1.000 1.000
828 0.869 1.000 1.000
000 1.000 1.000 1.000 1.000
000 1.000 1.000 1.000 1.000 1.000
000 1.000 1.000 0.583 0.413 1.000 1.000

NOTE: No channel catfish were neasured or weighed on DMs in Reach 1 in 1997
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Tabl e A81a.

One-way ANOVA statistics and matrix of Bonferroni-adjusted

pai rwi se conparisons of juvenile common carp CPUE data, in the San
Juan River, RM 180.0-0.0, COctober 1996 to Cctober 2001 (p < 0.10 =
* = statistically significant relationship). Values in the matrix
are the p-values for between-year conparisons.

One-way ANOVA: F-statistic = 17.874, r? = 0.044, p = 0.000*

Bonferroni matrix:
1996 1997 1998 1999 2000 2001

1996 1. 000

1997 1. 000 1. 000

1998 1. 000 1. 000 1. 000

1999 1. 000 1. 000 1. 000 1. 000

2000 0. 000* 0.000* 0.000* 0.000* 1.000

2001 1. 000 1. 000 1. 000 1. 000 0. 000* 1.000
Tabl e AB1lb. One-way ANOVA statistics and matrix of Bonferroni-adjusted

pai rwi se conparisons of adult conmon carp CPUE data, in the San
Juan River, RM 180.0-0.0, Cctober 1996 to Cctober 2001 (p < 0.10 =
* = statistically significant relationship). Values in the matrix
are the p-values for between-year conparisons.

One-way ANOVA: F-statistic = 9.988, r2 = 0.025, p = 0.000*

Bonferroni matrix:
1996 1997 1998 1999 2000 2001

1996 1. 000

1997 0.078* 1.000

1998 0. 000* 0.013* 1.000

1999 1. 000 1. 000 0. 000* 1.000

2000 0. 000* 0.224 1. 000 0.003* 1.000

2001 0.018* 1.000 0. 410 0. 354 1. 000 1. 000
Tabl e A8lc. One-way ANOVA statistics and matrix of Bonferroni-adjusted

pai rwi se conparisons of total (juvenile + adult) comon carp CPUE
data, in the San Juan River, RM 180.0-0.0, Cctober 1996 to Cctober
2001 (p < 0.10 = * = statistically significant relationship).
Values in the matrix are the p-values for between-year

conpari sons.

One-way ANOVA: F-statistic = 7.463, r?2 = 0.019, p = 0.000*

Bonf err oni

matri x:
1996 1997 1998 1999 2000 2001
1996 1. 000
1997 0.094* 1.000
1998 0. 000* 0.013* 1.000
1999 1. 000 1. 000 0.001* 1.000
2000 0.474 1. 000 0.013* 1.000 1. 000
2001 0.074* 1.000 0. 154 1. 000 1. 000 1. 000
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Tabl e A82a.

One-way ANOVA statistics and matrix of Bonferroni-adjusted

pai rwi se conparisons of juvenile common carp CPUE data, in the San
Juan River, Reach 6 (RM 180.0-155.0), October 1996 to October 2001
(p <0.10 =* =statistically significant relationship). Values
inthe matrix are the p-values for between-year comnparisons.

One-way ANOVA: F-statistic = 8.932, r?2 = 0.172, p = 0.000*

Bonferroni matrix:
1996 1997 1998 1999 2000 2001

1996 1. 000

1997 1. 000 1. 000

1998 1. 000 1. 000 1. 000

1999 1. 000 1. 000 1. 000 1. 000

2000 0. 000* 0.000* 0.000* 0.000* 1.000

2001 1. 000 1. 000 1. 000 1. 000 0. 000* 1.000
Tabl e A82b. One-way ANOVA statistics and matrix of Bonferroni-adjusted

pai rwi se conparisons of adult conmon carp CPUE data, in the San
Juan River, Reach 6 (RM 180.0-155.0), October 1996 to October 2001
(p <0.10 = * = statistically significant relationship). Values
inthe matrix are the p-values for between-year conparisons.

One-way ANOVA: F-statistic = 1.845, r2 = 0.041, p = 0.105

Bonferroni matrix:
1996 1997 1998 1999 2000 2001

1996 1. 000

1997 1. 000 1. 000

1998 1. 000 1. 000 1. 000

1999 0. 756 1. 000 1. 000 1. 000

2000 0.062* 1.000 1. 000 1. 000 1. 000

2001 1. 000 1. 000 1. 000 1. 000 1. 000 1. 000
Tabl e A82c. One-way ANOVA statistics and matrix of Bonferroni-adjusted

pai rwi se conparisons of total (juvenile + adult) comon carp CPUE
data, in the San Juan River, Reach 6 (RM 180.0-155.0), Cctober
1996 to Cctober 2001 (p < 0.10 = * = statistically significant
relationship). Values in the matrix are the p-values for between-
year comnpari sons.

One-way ANOVA: F-statistic = 1.399, r?2 = 0.032, p = 0.226

Bonf err oni

matri x:
1996 1997 1998 1999 2000 2001
1996 1. 000
1997 1. 000 1. 000
1998 1. 000 1. 000 1. 000
1999 1. 000 1. 000 1. 000 1. 000
2000 1. 000 1. 000 1. 000 0. 596 1. 000
2001 1. 000 1. 000 1. 000 1. 000 1. 000 1. 000
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Tabl e A83a.

One-way ANOVA statistics and matrix of Bonferroni-adjusted pairw se
compari sons of juvenile conmon carp CPUE data, in the San Juan River
Reach 5 (RM 155.0-131.0), Cctober 1994 to October 2001 (p < 0.10 = * =
statistically significant relationship). Values in the matrix are

t he p-val ues for between-year conpari sons.

One-way ANOVA: F-statistic = 10.079, r2 = 0.166, p = 0.000*
Bonferroni matri x:
1994 1995 1996 1997 1998 1999 2000 2001

1994 1. 000

1995 1. 000 1. 000

1996 1. 000 1. 000 1. 000

1997 1. 000 1. 000 1. 000 1. 000

1998 1. 000 1. 000 1. 000 1. 000 1. 000

1999 1. 000 1. 000 1. 000 1. 000 1. 000 1. 000

2000 0. 000* 0.000* 0.000* 0.000* 0.000* 0.000* 1.000

2001 1. 000 0.531 0. 503 1. 000 0. 463 1. 000 0.001* 1.000
Tabl e A83b. One-way ANOVA statistics and matrix of Bonferroni-adjusted pairw se

conpari sons of adult conmon carp CPUE data, in the San Juan River
Reach 5 (RM 155.0-131.0), Cctober 1994 to Cctober 2001 (p < 0.10 = *
statistically significant relationship). Values in the matrix are
t he p-val ues for between-year conparisons.

One-way ANOVA: F-statistic = 12.623, r2 = 0.199, p = 0.000*
Bonferroni matrix:
1994 1995 1996 1997 1998 1999 2000 2001

1994 1. 000

1995 1. 000 1. 000

1996 0. 000* 0.000* 1.000

1997 0. 000* 0.000* 0.172 1. 000

1998 0.008* 0.069* 0.010* 1.000 1. 000

1999 0. 000* 0.003* 1.000 1. 000 1. 000 1. 000

2000 0.001* 0.004* 1.000 1. 000 1. 000 1. 000 1. 000

2001 0. 000* 0.003* 1.000 1. 000 1. 000 1. 000 1. 000 1. 000
Tabl e AB3c. One-way ANOVA statistics and matrix of Bonferroni-adjusted pairw se

conpari sons of total (juvenile + adult) common carp CPUE data, in the

San Juan River, Reach 5 (RM 155.0-131.0), October 1991 to Cctober
2001 (p < 0.10 = * = statistically significant relationship). Values
in the matrix are the p-values for between-year conparisons.
One-way ANOVA: F-statistic = 10.102, r2? = 0.152, p = 0.000*
Bonferroni matrix:
1991 1992 1993 1994 1995 1996 1997 1998 1999 2000 2001
1991 1.000
1992 0.002* 1.000
1993 0.000* 1.000 1.000
1994 0.000* 0.013* 0.280 1.000
1995 0.000* 0.052* 0.886 1.000 1.000
1996 1.000 0.743 0.050* 0.000* 0.000* 1.000
1997 0.014* 1.000 1.000 0.005* 0.021* 1.000 1.000
1998 0.001* 1.000 1.000 0.348 0.988 0.242 1.000 1.000
1999 0.881 1.000 1.000 0.040* 0.113 1.000 1.000 1.000 1.000
2000 1.000 1.000 0.395 0.000* 0.001* 1.000 1.000 0.949 1.000 1.000
2001 1.000 1.000 1.000 0.006* 0.020* 1.000 1.000 1.000 1.000 1.000 1.000
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Tabl e A84a.

One-way ANOVA statistics and matrix of Bonferroni-adjusted pairw se
compari sons of juvenile conmon carp CPUE data, in the San Juan River
Reach 4 (RM 131.0-106.0), Cctober 1994 to October 2001 (p < 0.10 = * =
statistically significant relationship). Values in the matrix are

t he p-val ues for between-year conpari sons.

One-way ANOVA: F-statistic = 13.925, r2 = 0.176, p = 0.000*
Bonferroni matri x:
1994 1995 1996 1997 1998 1999 2000 2001

1994 1. 000

1995 0.008* 1.000

1996 0. 213 1. 000 1. 000

1997 0.003* 1.000 1. 000 1. 000

1998 0. 127 1. 000 1. 000 1. 000 1. 000

1999 0.027* 1.000 1. 000 1. 000 1. 000 1. 000

2000 0. 000* 0.000* 0.000* 0.000* 0.000* 0.000* 1.000

2001 1. 000 1. 000 1. 000 1. 000 1. 000 1. 000 0. 000* 1.000
Tabl e A84b. One-way ANOVA statistics and matrix of Bonferroni-adjusted pairw se

conpari sons of adult conmon carp CPUE data, in the San Juan River
Reach 4 (RM 131.0-106.0), Cctober 1994 to Cctober 2001 (p < 0.10 = *
statistically significant relationship). Values in the matrix are
t he p-val ues for between-year conparisons.

One-way ANOVA: F-statistic = 18.753, r2 = 0.224, p = 0.000*
Bonferroni matrix:
1994 1995 1996 1997 1998 1999 2000 2001

1994 1. 000

1995 1. 000 1. 000

1996 0. 000* 0.000* 1.000

1997 0. 000* 0.000* 1.000 1. 000

1998 0.001* 0.353 0. 006* 0.604 1. 000

1999 0. 000* 0.000* 1.000 1.000 0.034* 1.000

2000 0. 000* 0.000* 1.000 1.000 0.564 1. 000 1. 000

2001 0. 005* 0.682 0.008* 0.629 1.000 0.039* 0.563 1. 000
Tabl e AB4c. One-way ANOVA statistics and matrix of Bonferroni-adjusted pairw se

conpari sons of total (juvenile + adult) common carp CPUE data, in the

San Juan River, Reach 4 (RM 131.0-106.0), October 1991 to Cctober
2001 (p < 0.10 = * = statistically significant relationship). Values
in the matrix are the p-values for between-year conparisons.
One-way ANOVA: F-statistic = 11.538, r2 = 0.149, p = 0.000*
Bonferroni matrix:
1991 1992 1993 1994 1995 1996 1997 1998 1999 2000 2001
1991 1.000
1992 1.000 1.000
1993 1.000 1.000 1.000
1994 0.000* 0.057* 0.224 1.000
1995 0.020* 0.793 1.000 1.000 1.000
1996 0.099* 0.031* 0.000* 0.000* 0.000* 1.000
1997 1.000 1.000 0.165 0.000* 0.000* 1.000 1.000
1998 1.000 1.000 1.000 0.075* 0.981 0.026* 1.000 1.000
1999 0.829 0.259 0.010* 0.000* 0.000* 1.000 1.000 0.227 1.000
2000 0.093* 0.029* 0.001* 0.000* 0.000* 1.000 1.000 0.025* 1.000 1.000
2001 1.000 1.000 1.000 0.100 1.000 0.069* 1.000 1.000 0.419 0.055* 1.000
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Tabl e

A85a

One-way ANOVA statistics and matrix of Bonferroni-adjusted pairw se
compari sons of juvenile conmon carp CPUE data, in the San Juan River
Reach 3 (RM 106.0-68.0), Cctober 1994 to October 2001 (p < 0.10 = * =
statistically significant relationship). Values in the matrix are

t he p-val ues for between-year conpari sons.

One-way ANOVA: F-statistic = 8.982, r2 = 0.080, p = 0.000*
rroni matriXx:

Bonf e

1994 1995 1996 1997 1998 1999 2000 2001

1994 1. 000
1995 0. 003* 1.000
1996 0. 067* 1.000 1. 000
1997 0. 000* 1.000 0.131 1.000
1998 0. 000* 0. 248 0. 022* 1.000 1. 000
1999 0. 000* 0.209 0. 024* 1.000 1. 000 1. 000
2000 0. 000* 1.000 1. 000 1. 000 1. 000 1. 000 1. 000
2001 0.011* 1.000 1.000 1.000 0. 665 0. 498 1. 000 1.000
Tabl e A85b. One-way ANOVA statistics and matrix of Bonferroni-adjusted pairw se

conpari sons of adult conmon carp CPUE data, in the San Juan River
Reach 3 (RM 106.0-68.0), October 1994 to Cctober 2001 (p < 0.10 = * =
statistically significant relationship). Values in the matrix are
the p-val ues for between-year conparisons.

One-way ANOVA: F-statistic = 20.653, r?2 = 0.166, p = 0.000*
rroni matrix:

Bonf e

1994 1995 1996 1997 1998 1999 2000 2001

1994  1.000
1995 0.000* 1.000
1996 0.000* 1.000 1. 000
1997 0.000* 0.983 0.002* 1.000
1998 1.000 0.000* 0.000* 0.002* 1.000
1999 0.000* 1.000 1.000 0.015* 0.000* 1.000
2000 0.001* 0.388 0.001* 1.000 0.058* 0.006* 1.000
2001  0.016* 0.046* 0.000* 1.000 0.474 0.001* 1.000 1.000
Tabl e AB5c. One-way ANOVA statistics and matrix of Bonferroni-adjusted pairw se

conpari sons of total (juvenile + adult) common carp CPUE data, in the
San Juan River, Reach 3 (RM 106.0-68.0), Cctober 1991 to COctober 2001
(p <0.10 = * = statistically significant relationship). Values in
the matrix are the p-values for between-year conparisons.

One-way ANOVA: F-statistic = 13.986, r2 = 0.123, p = 0.000*
rroni matrix:

Bonf e

1991
1992
1993
1994
1995
1996
1997
1998
1999
2000
2001

1991
000
000
006*
001*
000
062*
000
002*
920
000
000

PRPOOROROORE

1992 1993 1994 1995 1996 1997 1998 1999 2000 2001

1. 000

0. 009* 1.000

0.003* 1.000 1. 000

1.000 0.000* 0.000* 1.000

0.104 0.000* 0.000* 1.000 1. 000

1.000 0.020* 0.006* 1.000 0.002* 1.000

0.004* 1.000 1.000 0.000* 0.000* 0.009* 1.000

1.000 0.000* 0.000* 1.000 1.000 0.147 0.000* 1.000

1.000 0.304 0.118 0.744 0.002* 1.000 0.114 0.096* 1.000

1. 000 1.000 0.597 0.189 0.000* 1.000 0.507 0.025* 1.000 1. 000
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Tabl e A86a.

One-way ANOVA statistics and matrix of Bonferroni-adjusted

pai rwi se conparisons of juvenile common carp CPUE data, in the San
Juan River, Reach 2 (RM 68.0-17.0), Cctober 1995 to Cctober 2001
(p <0.10 =* =statistically significant relationship). Values
inthe matrix are the p-values for between-year comnparisons.

One-way ANOVA: F-statistic = 4.504, r? = 0.042, p = 0.000*

Bonferroni matrix:
1995 1996 1997 1998 1999 2000 2001

1995 1. 000

1996 0. 279 1. 000

1997 1. 000 1. 000 1. 000

1998 0. 001* 1.000 0.226 1. 000

1999 0. 001* 0.871 0.189 1. 000 1. 000

2000 0. 058* 1.000 1. 000 1. 000 1. 000 1. 000

2001 0. 006* 1.000 0.717 1. 000 1. 000 1. 000 1. 000
Tabl e AB6b. One-way ANOVA statistics and matrix of Bonferroni-adjusted

pai rwi se conparisons of adult conmon carp CPUE data, in the San

Juan River, Reach 2 (RM 68.0-17.0), Cctober 1995 to Cct ober 2001
(p <0.10 = * = statistically significant relationship). Values
inthe matrix are the p-values for between-year conparisons.

One-way ANOVA: F-statistic = 9.708, r?2 = 0.086, p = 0.000*

Bonferroni matrix:
1995 1996 1997 1998 1999 2000 2001

1995 1. 000

1996 0. 000* 1.000

1997 0. 000* 1.000 1. 000

1998 0. 000* 1.000 1. 000 1. 000

1999 0.008* 1.000 1. 000 0. 418 1. 000

2000 0. 000* 1.000 0. 955 1. 000 0.223 1. 000

2001 0. 150 0. 209 1. 000 0. 010* 1.000 0. 004* 1.000
Tabl e A86c. One-way ANOVA statistics and matrix of Bonferroni-adjusted

pai rwi se conparisons of total (juvenile + adult) comon carp CPUE
data, in the San Juan River, Reach 2 (RM 68.0-17.0), Cctober 1993
and Cctober 1995-2001 (p < 0.10 = * = statistically significant
relationship). Values in the matrix are the p-values for between-
year comnpari sons.

One-way ANOVA: F-statistic = 18.098, r2 = 0.148, p = 0.000*

Bonf err oni

1993
1995
1996
1997
1998
1999
2000
2001

matri x:
1993 1995 1996 1997 1998 1999 2000 2001
1. 000
0. 000* 1.000
0. 000* 0.000* 1.000
0. 000* 0.000* 1.000 1. 000
0.088* 0.000* 1.000 0. 602 1. 000
0. 000* 0.000* 1.000 1. 000 0. 454 1. 000
0.108 0. 000* 1.000 0.530 1. 000 0. 403 1. 000
0. 000* 0.014* 0.398 1. 000 0. 005* 1.000 0.004* 1.000
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Tabl e A87a.

One-way ANOVA statistics and matrix of Bonferroni-adjusted

pai rwi se conparisons of juvenile comon carp CPUE dat a,

Juan River,

Reach 1 (RM 17.0-0.0),
< 0.10 = * = statistically significant

the matrix are the p-values for

Cct ober

in the San

1995 to Cctober 2001 (p
rel ati onship).
bet ween- year conpari sons.

Val ues in

One-way ANOVA:

F-statistic = 3. 257,

r? = 0.128, p = 0. 005

Bonferroni matrix:
1995 1996 1997 1998 1999 2000 2001
1995 1. 000
1996 1. 000 1. 000
1997 1. 000 0.170 1. 000
1998 1. 000 1. 000 0.143 1. 000
1999 1. 000 1. 000 0. 441 1. 000 1. 000
2000 1. 000 0. 087* 1.000 0.073* 0.222 1. 000
2001 1. 000 1. 000 0.510 1. 000 1. 000 0. 259 1. 000
Tabl e AB7b. One-way ANOVA statistics and matrix of Bonferroni-adjusted
pai rwi se conparisons of adult conmon carp CPUE data, in the San

Juan River,

Reach 1 (RM 17.0-0.0),
< 0.10 = * = statistically significant

the matrix are the p-values for

Cct ober

1995 to October 2001 (p
rel ati onship).
bet ween-year conpari sons.

Val ues in

One-way ANOVA:

F-statistic = 4.794,

rz = 0.178, p = 0.000*

Bonferroni matrix:
1995 1996 1997 1998 1999 2000 2001

1995 1. 000

1996 0.019* 1.000

1997 0.117 1. 000 1. 000

1998 0. 861 1. 000 1. 000 1. 000

1999 1. 000 0. 336 1. 000 1. 000 1. 000

2000 1. 000 1. 000 1. 000 1. 000 1. 000 1. 000

2001 1. 000 0. 000* 0.004* 0.053* 1.000 0.120 1. 000
Tabl e A87c. One-way ANOVA statistics and matrix of Bonferroni-adjusted

pai rwi se conparisons of tota

(juvenile + adult) comon carp CPUE

data, in the San Juan River, Reach 1 (RM 17.0-0.0), October 1993
and Cctober 1995-2001 (p < 0.10 = * = statistically significant
relationship). Values in the matrix are the p-values for between-
year comnpari sons.
One-way ANOVA: F-statistic = 8.236, r?2 = 0.265, p = 0.000*
Bonferroni matrix:
1993 1995 1996 1997 1998 1999 2000 2001
1993 1. 000
1995 0. 000* 1.000
1996 1. 000 0. 004* 1.000
1997 0. 091* 0.183 1. 000 1. 000
1998 0. 056* 0.422 1. 000 1. 000 1. 000
1999 0. 003* 1.000 0. 266 1. 000 1. 000 1. 000
2000 0. 005* 1.000 0.541 1. 000 1. 000 1. 000 1. 000
2001 0. 000* 1.000 0. 000* 0.009* 0.028* 1.000 0. 390 1. 000
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Tabl e A88.

One-way ANOVA statistics and matrix of Bonferroni-adjusted

pai rwi se conparisons of conmon carp nean total |ength data (al
life stages conbined), in the San Juan River, RM 180.0-0.0,
Cctober 1996 to Cctober 2001 (p < 0.10 = * = statistically
significant relationship). Values in the matrix are the p-val ues
for between-year conparisons.

One-way ANOVA: F-statistic = 60.793, r2 = 0.117, p = 0.000*

Bonf err oni

matri x:
1996 1997 1998 1999 2000 2001
1996 1. 000
1997 0. 296 1. 000
1998 0. 830 1. 000 1. 000
1999 0. 000* 0.677 1. 000 1. 000
2000 0. 000* 0.000* 0.000* 0.000* 1.000
2001 0.017* 1.000 1. 000 1. 000 0. 000* 1.000
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Tabl e A89.

One-way ANOVA statistics and matrix of Bonferroni-adjusted

pai rwi se conparisons of conmon carp nean total |ength data (al
life stages conbined), in the San Juan River, Reach 6 (RM 180. 0-
155.0), Cctober 1996 to Cctober 2001 (p < 0.10 = * = statistically
significant relationship). Values in the matrix are the p-val ues
for between-year conparisons.

One- way ANOVA:

F-statistic = 45.653, r?2 = 0.516, p = 0.000*

Bonferroni matrix:
1996 1997 1998 1999 2000 2001

1996 1. 000

1997 1. 000 1. 000

1998 1. 000 1. 000 1. 000

1999 1. 000 1. 000 1. 000 1. 000

2000 0. 000* 0.000* 0.000* 0.000* 1.000

2001 1. 000 1. 000 1. 000 1. 000 0. 000* 1.000
Table A90. One-way ANOVA statistics and matrix of Bonferroni-adjusted

pai rwi se conparisons of comon carp nean total |ength data (al
life stages conbined), in the San Juan River, Reach 5 (RM 155. 0-
131.0), October 1991 to COctober 2001 (p < 0.10 = * = statistically
significant relationship). Values in the matrix are the p-val ues

for between-year conparisons.
One-way ANOVA: F-statistic = 7.768, r?2 = 0.072, p = 0.000*
Bonferroni matri x:
1991 1992 1993 1994 1995 1996 1997 1998 1999 2000 2001

1991 1.000

1992 1.000 1.000

1993 1.000 1.000 1.000

1994 0.004* 0.016* 1.000 1.000

1995 0.094* 0.341 1.000 1.000 1.000

1996 0.000* 0.001* 0.631 1.000 1.000 1.000

1997 0.000* 0.000* 0.112 1.000 0.567 1.000 1.000

1998 0.005* 0.019* 1.000 1.000 1.000 1.000 1.000 1.000

1999 0.000* 0.001* 0.128 1.000 0.539 1.000 1.000 1.000 1.000

2000 1.000 1.000 1.000 0.007* 0.159 0.001* 0.000* 0.009* 0.000* 1.000

2001 0.009* 0.035* 1.000 1.000 1.000 1.000 1.000 1.000 1.000 0.016* 1.000
Table A91. One-way ANOVA statistics and matrix of Bonferroni-adjusted

pai rwi se conparisons of conmon carp nean tota
life stages conmbined), in the San Juan River, Reach 4 (RM 131. 0-
106.0), October 1991 to COctober 2001 (p < 0.10 * statistically
significant relationship). Values in the matrix are the p-val ues

| ength data (al

for between-year conparisons.
One-way ANOVA: F-statistic = 3.554, r2 = 0.036, p = 0.000*
Bonferroni nmatrix:
1991 1992 1993 1994 1995 1996 1997 1998 1999 2000 2001
1991 1.000
1992 1.000 1.000
1993 1.000 1.000 1.000
1994 1.000 1.000 1.000 1.000
1995 1.000 1.000 1.000 1.000 1.000
1996 1.000 1.000 1.000 1.000 1.000 1.000
1997 0.066* 0.289 0.375 0.374 1.000 1.000 1.000
1998 1.000 1.000 1.000 1.000 1.000 1.000 1.000 1.000
1999 0.007* 0.050* 0.049* 0.057* 1.000 1.000 1.000 1.000 1.000
2000 1.000 1.000 1.000 1.000 1.000 1.000 1.000 1.000 0.168 1.000
2001 0.053* 0.187 0.256 0.246 1.000 1.000 1.000 1.000 1.000 0.756 1.000
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Tabl e

A92.

One-way ANOVA statistics and matrix of Bonferroni-adjusted

pai rwi se conparisons of conmon carp nean total |ength data (al
life stages conbined), in the San Juan River, Reach 3 (RM 106. 0-
68.0), October 1991 to Cctober 2001 (p < 0.10 = * = statistically
significant relationship). Values in the matrix are the p-val ues
for between-year conparisons.

One-way ANOVA: F-statistic = 15.221, r? = 0.129, p = 0.000*

Bonferroni matri x:
1991 1992 1993 1994 1995 1996 1997 1998 1999 2000 2001

1991 1.000

1992 1.000 1.000

1993 0.000* 0.000* 1.000

1994 1.000 1.000 0.000* 1.000

1995 1.000 0.046* 0.000* 1.000 1.000

1996 1.000 0.602 0.000* 1.000 1.000 1.000

1997 1.000 0.224 0.000* 1.000 1.000 1.000 1.000

1998 1.000 0.180 0.000* 1.000 1.000 1.000 1.000 1.000

1999 0.007* 0.000* 0.000* 0.006* 0.645 0.038* 1.000 1.000 1.000

2000 1.000 0.072* 0.000* 1.000 1.000 1.000 1.000 1.000 1.000 1.000

2001 0.886 0.013* 0.000* 0.716 1.000 1.000 1.000 1.000 1.000 1.000 1.000
Tabl e A93. One-way ANOVA statistics and nmatrix of Bonferroni-adjusted

pai rwi se comparisons of conmon carp nean total |ength data (al

life stages conbined), in the San Juan River, Reach 2 (RM 68. 0-
17.0), Cctober 1993 and Cctober 1995-2001 (p < 0.10 = * =
statistically significant relationship). Values in the natrix are
t he p-val ues for between-year conparisons.

One-way ANOVA: F-statistic = 37.125, r? = 0.405, p = 0.000*

Bonferroni matri x:
1993 1995 1996 1997 1998 1999 2000 2001

1993  1.000

1995  0.000* 1.000

1996  0.000* 1.000 1.000

1997  0.000* 1.000 1.000 1.000

1998 0.000* 1.000 1.000 1.000 1.000

1999 0.000* 0.861 1.000 1.000 1.000 1.000

2000 0.000* 1.000 1.000 1.000 1.000 1.000 1.000

2001  0.000* 0.033* 0.055* 0.096* 1.000 1.000 1.000 1.000
Table A94. One-way ANOVA statistics and matrix of Bonferroni-adjusted

pai rwi se conparisons of conmmon carp nean total |ength data (al

life stages conbined), in the San Juan River, Reach 1 (RM 17.0-
0.0), Cctober 1993 and October 1995-2001 (p < 0.10 = * =
statistically significant relationship). Values in the matrix are
t he p-val ues for between-year conparisons.

One-way ANOVA: F-statistic = 2.698, r?2 = 0.109, p = 0.012*
Bonf er r oni

1993
1995
1996
1997
1998
1999
2000
2001

matri x:
1993 1995 1996 1997 1998 1999 2000 2001
1. 000
1.000 1.000
1.000 1.000 1.000
0.829 1.000 1.000 1.000
0.614 1.000 1.000 1.000 1.000
0.045* 1.000 0.422 1.000 1.000 1.000
1.000 1.000 1.000 1.000 1.000 0.017* 1.000
0.530 1.000 1.000 1.000 1.000 1.000 1.000 1.000

A- 57



Tabl e A95.

One-way ANOVA statistics and matrix of Bonferroni-adjusted

pai rwi se conpari sons of conmon carp nean bionass data (all life
stages conbined), in the San Juan River, RM 180.0-0.0, Cctober
1996 to Cctober 2001 (p < 0.10 = * = statistically significant
relationship). Values in the matrix are the p-values for between-
year comnparisons.

One-way ANOVA: F-statistic = 24.722, r?2 = 0.051, p = 0.000*

Bonf err oni

matri x:
1996 1997 1998 1999 2000 2001
1996 1. 000
1997 1. 000 1. 000
1998 0. 841 1. 000 1. 000
1999 0. 000* 0.000* 0.001* 1.000
2000 0. 004* 0.000* 0.000* 0.000* 1.000
2001 0. 000* 0.039* 0.472 0. 438 0. 000* 1.000
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Tabl e A96.

One-way ANOVA statistics and matrix of Bonferroni-adjusted

pai rwi se conpari sons of conmon carp nean bionass data (all life
stages conbined), in the San Juan River, Reach 6 (RM 180.0-155.0),
Cctober 1996 to Cctober 2001 (p < 0.10 = * = statistically
significant relationship). Values in the matrix are the p-val ues
for between-year conparisons.

One-way ANOVA: F-statistic = 25.280, r2 = 0.371, p = 0.000*

Bonferroni matrix:
1996 1997 1998 1999 2000 2001

1996 1. 000

1997 1. 000 1. 000

1998 1. 000 1. 000 1. 000

1999 0.917 0.916 1. 000 1. 000

2000 0. 000* 0.000* 0.000* 0.000* 1.000

2001 0. 042* 0.027* 0.054* 1.000 0. 000* 1.000
Table A97. One-way ANOVA statistics and matrix of Bonferroni-adjusted

pai rwi se conparisons of comron carp nean bionass data (all life
stages conbined), in the San Juan River, Reach 5 (RM 155.0-131.0),
Cct ober 1991 to Cctober 2001 (p < 0.10 = * = statistically
significant relationship). Values in the matrix are the p-val ues
for between-year conparisons.

One-way ANOVA: F-statistic = 12.593, r? = 0.111, p = 0.000*

Bonferroni matri x:
1991 1992 1993 1994 1995 1996 1997 1998 1999 2000 2001

1991 1.000

1992 1.000 1.000

1993 0.155 0.356 1.000

1994 0.000* 0.000* 0.000* 1.000

1995 0.234 0.595 1.000 0.000* 1.000

1996 0.000* 0.000* 0.112 0.628 0.003* 1.000

1997 0.000* 0.000* 1.000 0.013* 0.612 1.000 1.000

1998 0.002* 0.006* 1.000 0.055* 1.000 1.000 1.000 1.000

1999 0.000* 0.000* 0.010* 1.000 0.001* 1.000 0.685 1.000 1.000

2000 0.001* 0.002* 1.000 0.143 1.000 1.000 1.000 1.000 1.000 1.000

2001 0.000* 0.000* 1.000 0.393 0.263 1.000 1.000 1.000 1.000 1.000 1.000
Table A98. One-way ANOVA statistics and matrix of Bonferroni-adjusted

pai rwi se conpari sons of conmon carp nean bionass data (all life
stages comnbi ned), in the San Juan River, Reach 4 (RM 131.0-106.0),
Oct ober 1991 to October 2001 (p < 0.10 = * = statistically
significant relationship). Values in the matrix are the p-val ues
for between-year conparisons.

One-way ANOVA: F-statistic = 6.400, r2 = 0.062, p = 0.000*

Bonferroni matri x:
1991 1992 1993 1994 1995 1996 1997 1998 1999 2000 2001
1991 1.000
1992 1.000 1.000
1993 1.000 1.000 1.000
1994 0.000* 0.015* 0.119 1.000
1995 1.000 1.000 1.000 0.006* 1.000
1996 0.112 1.000 1.000 0.310 1.000 1.000
1997 0.000* 0.225 1.000 1.000 0.143 1.000 1.000
1998 0.383 1.000 1.000 1.000 1.000 1.000 1.000 1.000
1999 0.000* 0.001* 0.006* 1.000 0.000* 0.016* 1.000 0.345 1.000
2000 0.016* 1.000 1.000 1.000 1.000 1.000 1.000 1.000 0.196 1.000
2001 0.050* 1.000 1.000 1.000 1.000 1.000 1.000 1.000 1.000 1.000 1.000
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Tabl e A99.

One-way ANOVA statistics and matrix of Bonferroni-adjusted

pai rwi se conpari sons of conmon carp nean bi onass data (al
in the San Juan River,

st ages conbi ned),

Cct ober

significant
bet ween- year conpari sons.

for

1991 to Cctober
rel ati onship).

life

Reach 3 (RM 106. 0-68.0),
2001 (p < 0.10 = * = statistically
Values in the matrix are the p-val ues

One-way ANOVA:

F-statistic = 12. 807,

r2 = 0.111, p = 0.000*

Bonferroni matrix:
1991 1992 1993 1994 1995 1996 1997 1998 1999 2000 2001
1991 1.000
1992 1.000 1.000
1993 0.605 0.007* 1.000
1994 0.004* 0.077* 0.000* 1.000
1995 1.000 1.000 0.000* 1.000 1.000
1996 0.785 1.000 0.000* 1.000 1.000 1.000
1997 0.108 1.000 0.000* 1.000 1.000 1.000 1.000
1998 0.323 1.000 0.000* 1.000 1.000 1.000 1.000 1.000
1999 0.000* 0.000* 0.000* 0.622 0.000* 0.000* 0.002* 1.000 1.000
2000 0.013* 0.238 0.000* 1.000 1.000 1.000 1.000 1.000 0.045* 1.000
2001 0.012* 0.215 0.000* 1.000 1.000 1.000 1.000 1.000 0.047* 1.000 1.000
Tabl e A100. One-way ANOVA statistics and matrix of Bonferroni-adjusted
pai rwi se compari sons of conmon carp nean bionass data (all life

st ages conbi ned),

Cct ober

signi ficant
bet ween- year conpari sons.

for

rel ati onship).

in the San Juan River,
1993 and Cct ober

Reach 2 (RM 68. 0-17.0),

1995-2001 (p < 0.10 = * = statistically

Values in the matrix are the p-val ues

One-way ANOVA

F-statistic = 17. 494,

r2 = 0.243, p = 0.000*

Bonferroni matrix:
1993 1995 1996 1997 1998 1999 2000 2001

1993  1.000

1995  0.000* 1.000

1996  0.000* 0.502 1.000

1997  0.000* 1.000 1.000 1.000

1998  0.000* 0.088* 1.000 0.290 1.000

1999  0.000* 0.000* 0.024* 0.001* 1.000 1.000

2000 0.000* 0.002* 0.250 0.010* 1.000 1.000 1.000

2001  0.000* 0.000* 0.000* 0.000* 0.655 1.000 1.000 1.000
Tabl e A101. One-way ANOVA statistics and matrix of Bonferroni-adjusted

pai rwi se conparisons of conmon carp nean bi onass data (al
in the San Juan River,

st ages combi ned),

Cct ober

significant
bet ween-year conpari sons.

for

1993 and Cct ober
rel ati onship).

life

Reach 1 (RM 17.0-0.0),

1995-2001 (p < 0.10 = * = statistically

Values in the matrix are the p-val ues

One-way ANOVA:

Bonf err oni

1993
1995
1996
1997
1998
1999
2000
2001

mat ri

1993
000
000
000
000
000
155
000
000

PPOoPRRPPRRER

F-statistic = 5.091,

X:
1995

. 000
000
669
000
000*
000
257

OCProrOoRrE

PPOoPRPEPR

1996

000
000
000
000*
000
000

1997

1. 000
1. 000
0. 325
1. 000
1. 000

rz = 0.187, p = 0.000*

1998

1. 000
0. 003*
1. 000
1. 000

1999

1. 000
0. 006*
0. 208

2000

1. 000
1. 000

2001

1. 000
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Tabl e A102. One-way ANOVA statistics and matrix of Bonferroni-adjusted

pai rwi se conpari sons of comon carp nean condition factor data
(all I'ife stages conbined), in the San Juan River, RM 180.0-0.0,
Cctober 1996 to Cctober 2001 (p < 0.10 = * = statistically
significant relationship). Values in the matrix are the p-val ues
for between-year conparisons.

One-way ANOVA: F-statistic = 15.205, r2 = 0.032, p = 0.000*

Bonf err oni

matri x:
1996 1997 1998 1999 2000 2001
1996 1. 000
1997 0.011* 1.000
1998 1. 000 1. 000 1. 000
1999 0. 000* 0.000* 0.000* 1.000
2000 0.008* 0.000* 0.001* 1.000 1. 000
2001 1. 000 0. 157 1. 000 0. 000* 0.012* 1.000
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Tabl e A103.

One-way ANOVA statistics and matrix of Bonferroni-adjusted
pai rwi se conpari sons of comon carp nean condition factor data

(all I'ife stages conbined), in the San Juan River, Reach 6 (RM
180. 0-155.0), Cctober 1996 to Cctober 2001 (p < 0.10 = * =
statistically significant relationship). Values in the matrix are
t he p-val ues for between-year conparisons.
One-way ANOVA: F-statistic = 6.288, r?2 = 0.128, p = 0.000*
Bonferroni matrix:
1996 1997 1998 1999 2000 2001
1996 1. 000
1997 0.179 1. 000
1998 1. 000 1. 000 1. 000
1999 1. 000 0. 349 1. 000 1. 000
2000 1. 000 0. 000* 0.120 1. 000 1. 000
2001 0. 955 0. 000* 0.013* 1.000 1. 000 1. 000
Tabl e A104. One-way ANOVA statistics and matrix of Bonferroni-adjusted
pai rwi se conparisons of comron carp nean condition factor data
(all lI'ife stages combined), in the San Juan River, Reach 5 (RM
155.0-131.0), Cctober 1991 to Cctober 2001 (p < 0.10 = * =
statistically significant relationship). Values in the natrix are
the p-val ues for between-year comparisons.
One-way ANOVA: F-statistic = 7.391, r?2 = 0.068, p = 0.000*
Bonferroni matrix:
1991 1992 1993 1994 1995 1996 1997 1998 1999 2000 2001
1991 1.000
1992 1.000 1.000
1993 1.000 1.000 1.000
1994 0.002* 0.020* 0.535 1.000
1995 1.000 1.000 0.024* 0.000* 1.000
1996 1.000 1.000 1.000 0.158 0.016* 1.000
1997 1.000 1.000 0.010* 0.000* 1.000 0.007* 1.000
1998 1.000 1.000 1.000 0.000* 1.000 1.000 1.000 1.000
1999 1.000 1.000 1.000 1.000 0.035* 1.000 0.016* 0.844 1.000
2000 0.249 0.918 1.000 1.000 0.000* 1.000 0.000* 0.048* 1.000 1.000
2001 1.000 1.000 1.000 0.278 0.290 1.000 0.135 1.000 1.000 1.000 1.000
Tabl e A105. One-way ANOVA statistics and matrix of Bonferroni-adjusted
pai rwi se conparisons of conmon carp nean condition factor data
(all life stages conbined), in the San Juan River, Reach 4 (RM
131.0-106.0), Cctober 1991 to Cctober 2001 (p < 0.10 = * =
statistically significant relationship). Values in the matrix are

t he p-val ues for between-year conparisons.

One-way ANOVA: F-statistic = 8.670, r2 = 0.083, p = 0.000*
Bonferroni matri x:
1991 1992 1993 1994 1995 1996 1997 1998 1999 2000 2001
1991 1.000
1992 1.000 1.000
1993 1.000 1.000 1.000
1994 0.000* 0.128 0.003* 1.000
1995 1.000 0.007* 0.002* 0.000* 1.000
1996 1.000 1.000 1.000 0.000* 0.047* 1.000
1997 1.000 1.000 1.000 0.000* 0.212 1.000 1.000
1998 1.000 1.000 1.000 0.006* 0.074* 1.000 1.000 1.000
1999 1.000 1.000 1.000 0.001* 0.015* 1.000 1.000 1.000 1.000
2000 1.000 1.000 1.000 0.000* 0.285 1.000 1.000 1.000 1.000 1.000
2001 1.000 0.024* 0.018* 0.000* 1.000 0.232 0.572 0.183 0.073* 0.773 1.000
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Tabl e A106.

One-way ANOVA statistics and matrix of Bonferroni-adjusted
pai rwi se conpari sons of common carp nean condition factor data

(al |
106. 0- 68. 0)

Iife stages conbi ned),
Cct ober

statistically significant

t he p-val ues for

1991 to Cctober
rel ati onshi p).
bet ween- year conpari sons.

in the San Juan Ri ver,
2001 (p < 0.10 = *
Val ues

Reach 3 (RM

in the matrix are

One-way ANOVA:

Bonferroni matri x:
1991 1992 1993 1994

1991 1.000
1992 1.000 1. 000
1993 0. 005* 1.000 1. 000
1994 0.070* 1.000 1.000 1.000
1995 0.572 0. 000* 0.000* 0.000*
1996 1.000 1. 000 0. 000* 0.015*
1997 1.000 0.791 0.001* 0.014*
1998 1.000 1.000 0.160 0.802
1999 0.006* 1.000 1. 000 1. 000
2000 1.000 1. 000 0.011* 0.172
2001 1.000 0.126 0. 000* 0. 002*

F-statistic = 11. 144,

1995

000
023*
539
000
000*
056*
. 000

POOROOR

r2 = 0.098, p = 0.000*

1996 1997
1. 000

1. 000 1. 000
1. 000 1. 000
0. 000* 0. 000*
1. 000 1. 000
1. 000 1. 000

1998

1. 000
0.314
1. 000
1. 000

1999

1. 000
0.015*
0. 000*

2000 2001
1. 000
1. 000 1. 000

Tabl e A107. One-way ANOVA statistics and nmatrix of Bonferroni-adjusted
pai rwi se comparisons of conmon carp nean condition factor data

(all I'ife stages conbined), in the San Juan River, Reach 2 (RM
68.0-17.0), Cctober 1993 and October 1995-2001 (p < 0.10 = * =
statistically significant relationship). Values in the natrix are
t he p-val ues for between-year conparisons.
One-way ANOVA: F-statistic = 7.021, r? = 0.114, p = 0.000*
Bonferroni matrix:
1993 1995 1996 1997 1998 1999 2000 2001
1993  1.000
1995  0.001* 1.000
1996  0.309 0.109 1.000
1997  0.000* 1.000 0.013* 1.000
1998 0.471 1.000 1.000 0.323 1.000
1999  1.000 0.001* 0.570 0.000* 0.938 1.000
2000 1.000 0.029* 1.000 0.004* 1.000 1.000 1.000
2001 1.000 0.008* 1.000 0.001* 1.000 1.000 1.000 1.000

Tabl e A108. One-way ANOVA statistics and matrix of Bonferroni-adjusted

pai rwi se conparisons of conmon carp nean condition factor data

(all life stages conbined), in the San Juan River, Reach 1 (RM
17.0-0.0), October 1993 and Cctober 1995-2001 (p < 0.10 = * =
statistically significant relationship). Values in the matrix are
t he p-val ues for between-year conparisons.
One-way ANOVA: F-statistic = 6.595, r2 = 0.229, p = 0.000*
Bonferroni matrix:
1993 1995 1996 1997 1998 1999 2000 2001
1993  1.000
1995  0.002* 1.000
1996 1.000 0.000* 1.000
1997 1.000 0.000* 1.000 1.000
1998 0.369 0.273 1.000 0.506 1.000
1999 1.000 0.000* 0.270 1.000 0.004* 1.000
2000 1.000 0.007* 1.000 1.000 1.000 0.112 1.000
2001 1.000 0.005* 1.000 1.000 1.000 0.448 1.000 1.000
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APPENDI X B

Sanpl i ng protocol for conducting sub-adult and adult | arge-bodied fish
monitoring (i.e., “adult nmonitoring”), as detailed in the San Juan River
Moni toring Plan And Protocols (Propst et al. 2000).



Annual rnonitoring of |arge-bodied fishes in the San Juan River between
t he confluence of the Animas and San Juan rivers (RM 180) and Clay Hills
Crossing (RM3) will occur between m d-Septenber and m d- Oct ober each year.
Monitoring will occur mainly in the prinmary channel. However, secondary
channels with sufficient flow to support an electrofishing raft will also be
sanpl ed.

Raft-nounted el ectrofishing gear will be used to collect fishes. Rafts
will not be notorized. Qutput of electrofishing units will not exceed 400
volts and 6 anps, pulsed DC. Two electrofishing rafts will be depl oyed al ong
opposite shorelines to collect fishes. Each raft will proceed downstream
perpendi cul ar to shore at a fairly constant rate of speed with continuous
el ectrical output. Each electrofishing crewwll consist of one raft operator

(rower) and one netter; both will be experienced in raft-nmounted fish
collecting techniques. Effort will be nmade to net all fishes stunned by the
electrofisher. To minimze injury to netted fish, they will be pronptly
dunped into a live-well |ocated behind the netting deck; netted fish will not
be repeatedly swept through the electrical field. Sanpling will be conducted
in 1l-mle increnents with two of every three miles being sanpled. Sanpling
effort will be recorded as el apsed tinme el ectrofished by each raft per river
mle. Al fish captured will be identified and enunerated by |ife stage
(juvenile, sub-adult, and adult) and species. Fish will be identified by six-

letter codes (first three letters of genus and first three letters of
species). Al fish captured every fourth sanpled nile (DM wll be weighed (+
5 g) and neasured (+ 1 mmtotal and standard length). Al nonnative fishes
will be removed fromthe river and all native fishes will be returned to the
river alive

Each rare fish captured will be weighed (+ 1 g if <200 mmTL and + 5 g
if >201 M TL) and neasured (+ 1 mm SL and TL), have sex determined (if

possi bl e), and be scanned for a PIT tag. |If a specinen does not have a PIT
tag, one will be inplanted (if specinmen is > 150 mm TL).

Water tenperature will be neasured at each DM Each river mle sanpl ed
by each raft will be treated as a separate collection, with a unique
collection nunber. Al data will be recorded on standard field forns (see
foll owi ng pages). Rare fish information will be recorded on the standard field

formfor the river mle in which it was captured

Annual reports summari zi ng data obtai ned during |arge-bodied fish
nmonitoring will be submitted (witten and el ectronic formats) by 31 March of
the year following the effort. The annual report will mnimally contain a
summary of species captured, species density (nunber of fish per hour of
el apsed el ectrofishing tine) by geonorphic reach, size-structure of conmon
speci es popul ati ons (flannel mouth sucker, bl uehead sucker, channel catfish,
and comon carp) by geonorphic reach, and rare fishes captured (including
somatic data). Oiginal field notes will be retained by the entity
responsi bl e for conducting |arge-bodied fish nonitoring. Photocopies of al
field notes will be archived with the USFWS NMFRO Al buquerque field office.
Sunmary reports (the first in three years [2002] and thence every five years)
wi Il include an overview of trends in species popul ations (including size-
structure and condition), distribution patterns, and relation of status of
speci es popul ations to abiotic and biotic conditions. Descriptive statistics
(e.g., nean, node, range, standard deviation, and standard error) of sanmpling
results will be provided. Statistical nmethods to eval uate changes in fish
assenbl ages wi Il include non-paranetric (Kruskal-Wallis and Kol nogorov-
Smirnov) and paranetric (paired t-test, analysis of variance, and anal ysis of
covari ance tests), and |linear regression. Various popul ation-estimates
(manual | y generated such as Schnabel or Petersen index estinates or conputer
generated such as CAPTURE or MARK [ Cornmack-Jolly-Seber]) will also be used to
anal yze dat a.



SAMPLE NUMBER: DATE:

TIME: WEATHER:

RIVER: RIVER MILE(S): TO:

COUNTY: STATE:

BOAT: CHANNEL: SHORELINE:
SHOCK TIME: AMPS: VOLTS:
NETTER: AIR TEMP: WATER TEMP:
ROWER: D.O.:

FISH ID: CONDUCTIVITY:

RECORD: SALINITY:

TURBIDITY: BOTTOM 0.5m 0.25m 0.0.m
RARE FISH COLLECTED:

COMMENTS:




SAMPLE NUMBER: PAGE: of

WOO LIS MMM

1101-92796 YM YOOV 'dHO0 ONMMYQ 1 T

SPECIES  YOY  JUVENLLE ADULT
CATLAT(FM)  (060) " (60-410) (4104)
CATDIS(BH)  (0-60)  (60-300) (300+)
ICTPUN(CC)  (060)  (60-300) (300+)
CYPCAR (CP) (0-70)  (70-250) (250+)
RHIOSC (SD) (020)  (20-32) (324)
CYPLUT (RS) (0-20)  (20-30) (304)
PIMPRO (FH) (0-20)  (20-35) (354)
CATLAT X CATDIS (FM X BH)

(0-60)  (60-300) (3004)
LENGTH AND WEIGHT DATA:
SPECIES L sL wT TAG/NOTES

6864




SAMPLE NUMBER: PAGE: of

SPECIES TL SL WT SEX TAG/NOTES






