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EXECUTIVE SUMMARY

A Health Condition Profile (HCP) was conducted on rainbow trout (Cncorhymchus
miykiss) in the San Juan River below Navajo Dam, northwestern New Mexico. The purpose of
the HCP was to provide baseline data from which to assess the effect of the 4-month low-flow
test conducted during the winter of 1996-97. Approximately 30 each of juvenile and adult fish
were collected at two sites on each of five sample dates from October 2000 to August 2001.
After lengths and weights were recorded, a necropsy-based fish health assessment was
conducted. Blood was collected for hematocrit and protein analysis, and dorsal epaxial muscle
was collected for lipid analysis. Data from the low-flow test (1996-97) and baseline study { 2000-
01) were analyzed 1o compare the health of fish population between the two sample collections.

Statistical comparisons of the data between the low-flow test and baseline study revealed
relatively few significant differences. No relevant differences were observed in condition factor,
normality index, severity index, feeding index, and HAI between 1996-97 and 2000-01,
Although hematocrit was greater in 1996-97 than in 2000-01, all values were within normal
ranges published for rainbow trout. In general, total protein levels were lower in 1996-97 than in
2000-01; however, the lower 1996-97 levels may be unrelated to the test because both sizes and
sites were significantly lower in October 1996 (before the low flow began) than in October 2000,
Percent muscle lipid showed no trend among size classes or sites within either sample collection.
The low mesentery fat reserves and percent muscle lipids observed in adults in October 2000 are
unexplained, but may be due to a disruption in the food source.

We conclude the health of the rainbow trout population did not appear 1o be negatively
impacted by the 1996-97 low-flow test. However, potential chronic effects of extended low
flows cannot be adequately assessed from the data collected in 1996-97 and in 2000-01. Based
on the results presented in this report, a 4-month low-flow test and a one-year baseline study do
not provide sufficient data to fully interpret the impact of multiple variables (both inherent and
anthropogenic) on fish health. We recommend implementation of a multi-year baseline study in
conjunction with monitoring future low flows to further assess seasonal versus low-flow effects

on the long-term health of the rainbow trout population in the San Juan River.
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INTRODUCTION

The tlwaters of Navajo Dam on the San Juan River in northwest New Mexico contain a
world-class rainbow trout (Oncorhyachus mykiss) fishery. In addition, the San Juan River is
home to the endangered Colorado pikeminnow ( Prchocheilus lucius) and the razorback sucker
(Xyrawchen texanus). A reduction in winter flow releases from Navajo Dam was proposed by the
San Juan River Basin Recovery Implementation Program (Holden 1999) 1o investigale responses
of the native fish populations to manipulations of the river's flow regime (USFWS 1996). The
altered flow regime was designed to mimic the historic hydrograph for the endangered fishes.
Winter releases are also reduced to store sufficient water for high flows in spring, as well as to
meet current and future downstream water needs. To determine the effects of long-term reduced
release of Navajo Dam, a 4-month winter low-flow test was conducted October 1996 through
March 1997, in which the flow was reduced from approximately 600 cfs (cubic feet per second)
to about 300 cfs with a minimum release of 250 cfs. The purpose of the 1996-97 investigation
was to evaluate effects of the reduced flow on the trout fishery within the tailwaters of Navajo
Dam. Specific objectives of the monitoning plan provided in a repont by U.S. Bureau of
Reclamation (USBOR 1998) were to determine if the reduced flow resulted in chronic stress as
measured by a Health Condition Profile (Goede 1993), and physiological changes in the rainbow
trout population. The results of the health condition profile in 1996-97 were inconclusive and
indicated the effects of reduced flow on the health of the fish population may have been
confounded by seasonal changes in food resources and metabolic demands (Sutton et al. 1999),

As aresult, an additional study was conducted from October 2000 through March 2001 in
which the health and condition of the fish population was monitored, but without the reduced
flow. A sampling date in August was included o complete a full-year study peried for the
analysis of seasonal effects on the condition of the fish population. Reported are analyses of the
results from the 2000-01 fish health condition profile and physiological indices of metabaolic
responses and a comparison of those resulis to the 1996-97 data,



METHODS

Sample Sites and Collections

Two sites representative of distinctly different flow regimes and aquatic habitat within the
quality trout fishery were selected. The upper site (site 1; approximately 2.1 km long) was
between Navajo Dam and Texas Hole, and the lower site (site 2; approximately 4.3 km long) was
between Texas Hole and the end of the special regulation water. Site | was characterized by
shallow depth (1-2 m), narrow river margin {20-30 m). frequent intermittent riffle areas and few
pools. In contrast, site 2 was deeper (2-6 m) having wider river margins (30-50 m), infrequent
riffle areas and frequent pools. Approximately 30 each of juvenile (155.7 - 197.2 mm) and adult
fish {414.4 - 441.1 mm) were collected at each site on each of five sample dates from October
2000 to August 2001,

Fish were collected using an electrofishing boat equipped with a 220-Y Smith-Root unit
on 24-25 October 2000, 7-8 December 2000, 30-31 January 2001, 12-13 March 2001, and 28-29
August 2001, Immediately upon collection, fish were anesthetized in a buffered solution of
Finquel™ (200 mg/L Finqu:l“':il]] mg/L. NaC0,). and whole blood was collected from the
hemal arch at the base of the caudal peduncle using a heparinized 3-ce syringe and a 2|-gauge
needle. Two hematocrit bes were filled with whole blood and centrifuged (1,500 x g, 5 min)
using a hematocrit centnifuge. The remaining whole blood was immediately placed on ice and
centrifuged (5,000 x g, 10 min) within 8 h to obtain plasma for total protein analysis. After
centrifugation, the plasma was removed and frozen until analysis for total protein within 2

weeks,

Health Condition Profile
After lengths (mm} and weights (g) were recorded, a necropsy-based fish health
assessment was conducted.  The method evaluates the whole organ appearance and provides a
suite of indices including normality, degree of seventy, feeding, and condition factor (Goede
1993; see Appendix A Summary of Necropsies and Fish Necropsies Data Sheets). A
modification of this method was performed that substitutes numerical values for abnormal ratings

and provides a quantitative health assessment index (HAI) for each fish that can be compared
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statistically (Adams et al. 1993). Afier the necropsy, approximately 2 grams of dorsal epaxial
muscle were removed for analysis of percent muscle lipids and placed in a cryovial. The muscle

samples were frozen until analysis within 8 weeks.

Physiological Indices

Changes in protein content were analyzed similar to that reported in the 1996-97 winter
flow test (USBOR 1998; see Appendix B Toral Protein Methods). For every 35 samples
analyzed for total protein, a standard curve (senal dilutions of a standard reference- see Methods
in Appendix B}, a centified reference obtained from Sigma Chemical Co., and pooled fish serum
(€. mykiss} were included in each assay. An assay was considered acceptable if all three of the
following criteria were observed: (1) the linearity of the standard curve was r = 0.97 or greater;
{2) the reference was within the certified range listed by the manufacturer (5.3 - 6.7 gidl; X =
6.0 g/dL); and (3) the intra- and inter-assay coefficient of vanation ( {standard deviation +
mean | x100) were < 10% (see Appendix B Quality Assurance - Quality Control). The inter-
assay coefhicient of variation was 2.6% for the certified reference (n = 13) and the intra-assay
coelficient of variation ranged from 0.035t0 7.15 % {n = 12}.

The procedure 1o determine total lipid content {percent wet weight) in muscle was
determined gravimetrically following extraction and evaporation of methylene chlonde (see
Appendix C Percent Muscle Lipid Extraction). The method was slightly modified from the
version developed for muscle lipid extraction of the 1996-97 Winter Flow Test (USBOR 1998)

to include percent moisture.

Statistical Analysis
Statistical analysis was performed using SAS (SAS, 1999) with a probability level of & =
0.05 applied to all analyses. Data from 2000-01 were analyzed initially without the August
sampling penod for statistical comparison with 1996-97. Differences between months (October,
December, January, March) for condition factor, total protein, and percent muscle lipid were
analyzed by analysis of variance in adult and juvenile fish at each site (site 1, site 2). Residuals
were graphically displayed on a probability plot and tested for normality using the Shapiro-Wilk



test. If assumptions of normality were not met, the data were log transformed. A multivariate
analysis (MANOVA) was then performed with condition factor, total protein, and muscle lipid as
the dependent variables and month as the independent variable. Where the MANOVA results
indicated a significant difference among means, Bonferroni multiple comparison test was
applied. HAI data were rank transformed, analyzed by analysis of variance, and significant
differences observed between months were tested with Tukey's Studentized Range Test. The
same lests were applied to the 2000-01 data with the August sampling period included for
within-year comparisons.

To compare October through March, 1996-97 and October through March, 2000-01 data,
differences between given months were analyzed using MANOVA in adult and juvenile fish at
site | and 2 with condition factor, total protein, and muscle lipid as the dependent variables and
year as the independent vanable. Where significant differences were indicated, Tukey’s Test was
performed on each varable. HAI data were subjected to the Wilcoxon rank sum method to
determine differences between comparable months of both collection periods. Normality,
severity, and feeding indices and hematocrits were compared between collection periods across
all months using t-tests. Data are presented as arithmetic means and standard error (non-

transformed) for each of the variables.

RESULTS AND DISCUSSION

Fish Health Assessment: October to March 2000-01

Health Condition Profil

Throughout the study, mean lengths of adult rainbow trout in site 1 ranged from 431.8 1o
437.5 mm and juvenile fish ranged from 169.7 to 197.2 mm (Table 1). Mean lengths of adults
from site 2 ranged from 415.0 to 439.6 mm and juveniles ranged from 166.9 to 182.7 mm (Table
2). The sex ratios were slightly skewed with a greater percentage of adults identified as females
from sites 1 and 2 in October (67%, 73%), December (70%, 57%), and January (80%, 57%). Of
these fish, from 46 1o 86% were observed gravid or in posi-spawning condition.
Although the percentage of adult female fish was lower in March for both sites | and 2 (47%,
47%), over 50% of the fish were gravid or in post-spawning condition (Appendix A).
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Tahle 1, Comparison of 1996-97 and 2000-00 results from the fish healih condition profile on minbow trout in the San Juan River wailwater between

MNavajo Dam anmd Texas Hole (site 1), Means are presented for length, condition factor and hematocnt with minimum and maximun in parenthesis,

Sample Lengih Condition Hematoorit Mormality Index

Size {rmmj Facior (%) {5
- — =
Adult Fish:
Ociober 1996 24 3974 (310, 4600 L7 {093, 1.54) 47 {15, 58) 854
Ociober 2000 kL] 437.4 (185, 500) 107 (0.73, 1.3 {10, 500 Th3
December 19546 i0 418.4 (350, 470) 109 (0092, 1.36) - 6.0
December 2000 30 £33, 7 (365, 491 ) 1,09 {095, 1.31) 4] (1B, 68 A
February 1997 L1 410.6 (151, 462) 106 (LT, 130G A6 (27, 54 311
January 2001 30 437.5 (358, 485) 101 (0.77, 1.20) 38 (25, 54) 81.3
March 1997 £l 4 0000 3500, 466) 1O (065, 1.310) A6{32, 59) 9.7
March 2001 30 4318 (M3, 488) 100 (0,69, 1.35) 3 (10, 49 B0.3
August 2001 ELH] 414.4 (310, 4800 D16 (LR, 168} A5 {25, 68) 7740
duvenile Fish:
Ociober 9946 2K 1861 (156, 248) L8 (0.9, 1.55) 53 (38, T2} 929
Ocioher 20K 21 1659.7 (138, 2246) L1 (.95, 14T 48 {37, 63) 91.9
December 19946 0 IT83(117, 225) 106 (0,72, 1.31) . 95.3
December 2000 0 1TOE (130, 2200 1S 0095, 1.38) A1 (29, 505 R1.7
February 1997 10 2007 (159, 241) 090 (087, 1.13) S {46, 5T 9.7
Januwary 2001 1] 192.5 {146, 239) 1.0 (0.8, 1.40) Al {31, 54) 93
March 1997 1] 17020110, 239 0.%8 (0.83, 1.34) 50038, 66 B4.3
March 2001 17 197.2 (132, 258) 106091, 1.19%) 619, 47) #H4.2
August 2000 30 IS5.7 (120, 205, 1.21 (D.B9, 1.50) 43 (28, 55) BE.3
= Drata missing

Severity Feeding
Inclex Imeibex
0.0 Th.4
.3 72.2
£ ihd 4
12.1 fil.l
71 B33
5.1 50.5
125 aTs
4.6 i6.7
10.0 60.0
.4 1.5
[N T4.6
25 0.0
[FR4] 7.5
LN T0.0
7.1 733
104 0.0
9.6 824
1.7 200




Tahble 2. Comparisons of 1996-97 and 2000-01 resulis from the fish healih condition profile on rinbow trout in the San Juam River tailwaler between

Texas Hole and the end of the special regulation water (site 2). Means are presented for length, condition factor, and hematocrit with

minimum and masimum in parenthesis,

Sample Lengih
Size [mm}

pe——

Adult Fish:

DOclober 1996 1] 4155 (304, 450}
Oictober 2000 n 4386 (389, 475)
December 1996 30 41008 (358, 464)
December 2000 30 439.4 (378, 525)
February 1997 30 400.2 (347, 442)
January 2001 30 415.0 (359, 493)
March 1997 30 J93.8 (343, 446)
March 2001 30 427.1 (375, 475)
August 2001 30 441, 1 (400, 485)
Juvenile Fish:

Ogiober 15996 15 219.7 (155, 25T)
Chotober 20600 23 1762 (122, 289)
December 1996 30 1654 (131, 212)
December 2000 26 166.9 (120, 243)
February 1997 a0 185.0 (130, 226)
January 2001 an 175.8 (125, 260)
March 1997 £ 1] 181.9{123, 224)
Manch 2001 28 1827 (122, 228)
August 2001 30 176.7 (130, 230)

Condition
Factor

114 (0.89, 1.44)
1.OB (0.63, 1.36)

109 (0,79, 1.36)
1.08 (0.80, 1.28)

1.05 (0.87, 1.34)
111 (0,89, 1.30)

101 (.82, 1.17)
1.02 (080, 1.23)

1.09 (0,70, 1.34)

110 (096, 1.26)
LT (AT, 1400

107 (059, 1.33)
116 (0,93, 1.48)

0.91 (0.76, 1.37)
104 (0,84, 1.18)

093 (0.73, 1.08)
0.9% (D83, 1.16)

1.21 (0.98, 1.59)

—?

Hematocrii Normality Index Severity Feeding
() (%) Index Indiax
e = — 1
46432, 56) BT 4.6 fed 4
44 (7, 69} 7.0 T 722
42(22,61) 1.0 6.3 62.2
38 (24, 50 T8.0 1.9 851.1
43 (33, M) 83.7 6.3 66,7
A0 (28, 53) 86,3 4.7 T2.2
49 (38, 57) T4.0 14.6 711
39 (15, 49) 6.7 .3 T2
d1 (15, 58) 9.3 417 B4
51 (43, 65) 92.0 0.8 71.8
43 (33, 60} S04 B2 T1.0
52 (42, 68) 867 7.9 £, 7
A0(2E, 61 4 8.7 Bd.6
5033, 61) 83.0 104 71.1
38 (29, 52) 933 5.0 733
51 (34, 66) BE3 858 B0
41 (29, 53} 90.7 1.6 714
43 (33, 54) B9.0 133 SE9




A decline in condition [actors from October to March, believed 1o reflect seasonal effects,
wits observed for both adult and juvenile fish. The decreases observed in adults (6.5% at site 1,
5.6% at site 2) were not significant (Figure 1A). However, the 10.2% and 15.4% declines in
juveniles at sites | and 2, respectively, were significant (Figure 1B).

A series of indices (normality, severity, and feeding) have been developed from the
Health Condition Profile. The normality index reflects the percent normal ratings assigned to:
eyes, gills, psendobranchs, kidney, thymus, spleen, hindgut, liver, fins, and opercles. In general,
the higher the normality index, the healthier the population. Although no general trend was
observed in adults or juveniles at either site, average values for the index at sites | and 2 were
greater in juveniles (90%, 91.2%) than adulis (77.3%, 79.5%) (Tables | and 2). An acceptable
range for normality index (with 100% being normal or indicative of a healthy population) is 90-
100% (Goede 1993). This criterion indicates that the juvenile fish are within the accepted or
normal range while the adult fish are below the acceptable range. The lower normality index for
the adults at both sites was influenced by the predominance of abnormal ratings for clubbed and
marginate gills, swollen pseudobranchs, and blindness due to cataracts.

The severity index is computed from ratings or level of seventy of thymus, hindgut, fin
and opercles. The higher the index, the greater the level of seventy combined in the four
variables. An acceptable range for severity index (with 0% being normal or indicative of a
healthy population) is 0-10% (Goede 1993). The severity index increased sharply (from 6.3% in
October to 12.1% in December) in adult fish at site 1 and subsequently decreased 1o 5.1% in
January (Table 1). The main contributing factor to the increase was fin erosion which may be
explained by increased spawning activity due to a higher percentage of sexually mature adults
observed in December (60% at site 1 and 53% at site 2). Except for the increase in adults in
December, severity indices fluctuated but remained at or below 10% in both size classes at both
sites throughout the study (Tables 1 and 2).

The feeding index is based on the fullness and color of bile in the gallbladder at the time
of necropsy and provides an excellent indicator of time to last feeding. The higher the feeding
index, the greater the feeding activity. An acceptable range for feeding index (with 100% being
indicative of active feeding) is greater than 67% (Goede 1993). The index varied for both adults
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and juveniles throughout the study at both sites (Tables | and 2). In general, average feeding
indices were slightly lower in adults at site | (69.9%) and site 2 (74.4%) compared 1o juveniles at
sites 1 (74.5%) and 2 (76.6%). Except for adults at site | when the index decreased 10 61.1% in
December and 59.5% in January, both size classes at both sites were within the acceptable range
for a population with adequate resources.

The Health Assessment Index (HAI) is calculated by assigning a numerical rating to the
values given in the Health Condition Profile to the pseudobranchs, thymus, eyes, gills, spleen,
hindgut, Kidney, liver, opercles, and fins (Adams et al. 1993). A rating of 0 is given for normal
values, 10 for mild abnormalities, 20 for moderate, and 30 for severe. The ratings are summed
for each fish and then the means are calculated for each group. The higher the index, the greater
the level of abnormalities within that group. Adult fish exhibited higher HAI indices than
juveniles at both sites (Figures 2A and B) due 1o higher levels of abnormalities in the eyes, gills,
pseudobranchs, thymus, kidneys, and fins. No significant difference was detected among the
months for adulis except in January when a decline in the ratings (or improvement in health) was
observed at both sites in the pseudobranchs, kidneys, and fins (site 1 P = 0.088, site 2 P =0.012).
Juveniles also exhibited a decline in January, although not significant, due to an improvement in

pseudobranchs and thymus.

Physiological Indi

Hematocnt reflects the percent red blood cells 1o total blood volume and is evaluated in
the Health Condition Profile as a broad indicator of population health. [t is assumed that
elevated levels of hematocrit may represent a population under stress while low levels indicate
the presence of disease (Goede and Barton 1990} There was no general trend in hematocrit for
adults at both sites or juveniles at site 2, and even though juveniles at site | experienced a 25%
decrease from October to March, both sites and size classes were within normal ranges for
rainbow trout (34-57%, Denton and Yousef 1975; 22-44%, Miller et al. 1983) (Tables | and 2).

Changes in total plasma protein concentrations are considered a measure of sustainable
growth (Brett and Groves 1979). Adults and juveniles at site | exhibited significant decreases
(22.4% and 21 4%, respectively) in protein concentrations from October to March (Figures 3A
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and B). Adults at site 2 also experienced a significant decrease (26.3%), however, juvenile
protein concentrations were varied and decreased by only 3.7% (Figures 3A and B). In both
mature and immature salmonids from Canadian streams, Cunjak { 1988) observed decreases in
plasma protein levels from peak concentrations in summer to the lowest at the end of winter.
Thus, decreases in total protein concentrations observed in this study may reflect seasonal
changes.

Lipids are an important source of potential chemical energy, and their presence or
absence reflects the performance capacity of fish. No general trend in muscle lipids was
observed for adults at site | or 2 throughout the study (Figure 4A). In contrast, juveniles in
October at both sites had twice the lipid levels of adults but expenenced a significant decrease
from October o December of 51.5% at site 1 and 61.9% at site 2 (Figure 4B). Muscle lipids in
both size groups at both sites increased slightly in January possibly reflecting an increase in food

resources.

Comparative Fish Health Assessments: October to March 1996-97 and 2000-01

Health Condition Profil
Condition factors decreased significantly from October 1996 10 March 1997 in both size
classes and at both sites (P = 0.06 for adults at site 1) (Figures 5A and B). Condition factors also
decreased in 2000-01 in both size classes and at both sites; however, only juveniles exhibited a
statistically significant decrease (Figures 1A and B). Juveniles had consistently higher condition
factors in 2000-01 than 1996-97 with significant differences in all months at both sites except
October at both sites and March at site 2 {Figure 6B). In contrast, condition factors in adults in
1996-97 generally were greater than or equal to 2000-01 condition factors (Figures 7TA and B);
however, only adults at site | in October 1996 had a significantly higher condition factor. The
decrease from October to March seen across both sites and size classes in both collection periods
appears biologically relevant with respect to changes in seasonal energy requirements. This
overwinter loss in condition has been reporied in other populations of salmonids, including
rainbow trout in the Glen Canyon Dam tailwater (Valdez and Ryel 1995). Also, Cunjak and
Power {1987) observed a decline in condition factor in salmonids from late summer through

12
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Condition Factor of Juveniles
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early winter as a result of metabolic costs being higher than energy intake when food resources
were limiting.

Normality indices of adults at site | in 2000-01 were lower, although not significantly, in
all collection months compared to indices of adults at the same site in 1996-97 (Tahle 1).
Normality indices for juveniles at site | and for adulis and juveniles at site 2 were varied for both
collection periods (Tables | and 2) with no significant difference. In 2000-01 adults received
higher abnormality ratings for eyes, kidneys, and fins than adults in 1996-97, whereas in 1996-97
the higher abnormality ratings occurred mainly in the thymus. In contrast, the juveniles in 2000-
01 received ligher ratings for the thymus, while in 1996-97 the abnormal ratings were highest in
gills, liver and opercles.

Overall, severity indices were within the recommended 10% for “normal”™ or healthy fish
populations throughout the 1996-97 and 2000-01 studies. In 1996-97, the exceptions were adults
in March at sites 1 (12.5%) and 2 (14.6%) and juveniles in March at site | (10.4%) and in
February at site 2 (10.4%) (Tables | and 2). The higher indices were due mainly to the degree of
hemorthaging in the thymus and shortening of the opercles. The only exception in the 2000-01
study was in December when the index was 12.1% for adults at site | (Tables | and 2). Itis
important to note that evaluation of the thymus weighs heavily in the severity index; however,
the rating of the condition of the thymus has questionable interpretation due to broad and
generalized effects of a multitude of stressors in wild pepulations. In an unpublished stress
study, Barton observed a higher incident of thymic hemorrhaging in healthy juvenile brook trout
{Salvelinus fortinalis) than in a diseased population {Goede and Barton 1990) . Thus, the
severity index should be interpreted with caution.

No general trends were observed for feeding indices from October to March for either site
or size class within 1996-97 and 2000-01; however, differences were observed between sample
collections (Tables 1 and 2). Although not statistically significant, adults at site 1 in 1996-97 had
higher feeding indices than adults in 2000-01. In contrast, adults at site 2 had significantly lower
feeding indices in 1996-97 than in 2000-01. The average feeding index for juveniles at site |
was the same for 1996-97 and 2000-01. Although not significantly different, juveniles at site 2
in 1996-97 had a lower average feeding index than in 2000-01. An acceptable range for feeding
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index is greater than 67% with indices below the threshold indicating reduced feeding activity.
In 1996-97, half of feeding indices were below the acceptable range for adults while 25% of
feeding indices were below the acceptable range for juveniles. In contrast, 25% of feeding
indices for adults in 2000-01 were below the acceptable range, while none of the indices were
below the acceptable range for juveniles.

A Health Assessment Index (HAI) was calculated in 1996-97 from the necropsy ratings in
the Health Condition Profile (USBOR 1998). There were no temporal or spatial trends for HAI
for either adults or juveniles; however, adults consistently received more abnormal ratings than
Juveniles (Figures 8A and B). Likewise, there was no general trend for HAI in 2000-01 (Figures
2A and B). Adults in 2000-01 also exhibited higher HAT indices than juveniles and followed the
same fluctuating pattern at each site as adults in 1996-97. The majority of abnormal ratings in
1996-97 were observed in gills, pseudobranchs, and thymus, while the majority of abnormal
ratings in 2000-01 were observed in gills, pseudobranchs, and eyes. Only adulis at site 1 in
October 2000 had a significantly higher HAl index than adults in 1996 (Figure 9A) due 1o
increased abnormalities in fins, opercles, kidney, and the hindgut. Adults at site 1 in December
had the greatest level of abnormalities for both collection periods with a subseguent
improvement in February 1997 and January 2001. Adults at site 2 had the lowest level of
abnormalities in February 1997 and January 2001 (Figure 9B). Juveniles at both sites in 1996-97
had consistently higher HAI indices than juveniles in 2000-01 (except for site 1 in December).
However, only site 1 in February 1997 exhibited a statistically higher index (Figures 10A and B).

Little is known about the physiological response of the fish pseudobranch and thymus to
environmental stressors. Goede and Barton (1990) suggest the swelling of pseudobranchs may
indicate a change in the partial pressure of oxygen and carbon dioxide. Increases in salinity
levels may also cause pseudobranchial cell disruption (King et al. 1993). In the thymus, seasonal
changes may cause visible physiological alterations. Alvarez et al, (1994) described a decrease in
intrathymic erythropoiesis activity during winter, as well as a decrease in thymic size from winter
to spring (1998). Further studies of environmental factors that affect these organs need 1o be
conducted before implications of abnormalities observed in wild fish populations can be properly
addressed.
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Comparison of 1996-97 and 2000-01
Health Assessment Index of Adults
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Comparison of 1996-97 and 2000-01
Health Assessment Index of Juveniles
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hysiologi dices

Although there was no general trend from October 1o March for hematocrit within each
collection peniod, values for both size classes at both sites were significantly lower (P = 0.06 for
adults at site 2) in 2000-01 than in 1996-97 (Tables 1 and 2). Despite the significant difference
between collection periods, the range of mean hematocrit for each period (42-53% in 1996-97
and 34-48% in 2000-01) falls within the levels of normality identified for rainbow trout (34-57%,
Denton and Youset 1975; 22-44%, Miller et al. 1983). It is important to point out that
hematocrit may vary with season (Denton and Yousef 1975), age (Barnhant 1969), and acute
stress prior to blood collection (Fletcher 1975); b.e., hematocrit levels could increase as a result of
handling stress. Thus, hematoerit should be interpreted with caution.

Concentrations of total plasma protein in adults at site 1 in 1996-97 and 2000-01
decreased similarly from October to March by 22.7% and 22.4%, respectively (Figure 11A),
However, concentrations in October, December, and March 1996-97 were significantly lower in
adults at site 1 than the same months in 2000-01 (February 1996 was also lower but not
significantly). At site 2, results varied between collection periods for adults with a slight increase
from October to March in 1996-97 (2.4%) while concentrations decreased by 26.3% in 2000-0]
(Figure 11B). Total protein concentrations were significantly lower in adults at site 2 in 1996-97
than 2000-01 in October and February/January.

Protein concentrations in juveniles at site 1 decreased from October to March in 1996-97
and 2000-01 by 15.2% and 21.4%, respectively (Figure 12A). Between collection periods,
however, protein levels were highly variable with October 1996 and March 1997 levels
significantly lower than October 2000 and March 2001; December 1996 and 2000 levels were
cqual; and February 1997 levels were significantly higher than January 2001. Shght decreases
were observed in plasma protein concentrations in juveniles at site 2 for both 1996-97 (6.4%) and
2000-01 (3.7%) with concentrations in 1996-97 significantly lower than 2000-01 in October,
December, and March (Figure 12B).

The trends in 2000-01 observed for plasma proiein concentrations in adults are similar to
those observed by Cunjak (1988) in salmonids (which were related to seasonal changes). That
trend was not as evident for this study in 1996-97 because of the highly variable pattern exhibated
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Comparison of 1996-97 and 2000-01
Total Plasma Protein (g/dL) in Adults
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Comparison of 1996-97 and 2000-01
Total Plasma Protein (g/dL) in Juveniles
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by adults and juveniles at both sites (Figures 13A and B). However, both size classes in 1996-07
had significantly lower protein concentrations in October before the low flow test began than
their counterparts in 2000-01 (Figures 11A,B and 12A,B). Consequently, inherent sample and
physiological variation between collections must also be taken into consideration when
comparing results of 1996-97 and 2000-01. Thus, interpretation of low-flow effects should be
made with caution,

From October to March of 1996-97, percent muscle lipids in adulis exhibited a significant
decline of 47.8% at site 1 and 45 8% at site 2 (Figures 14A and B). However, 200001 lipid
levels in adulis declined by only 3.2% and 15.7% at sites | and 2, respectively (Figure 4A).
Between sample collections, lipids in adults at site | were consistently lower in 2000-01 than
1996-97 with significam differences observed in October and December (Figure 15A). At site 2,
lipid levels were lower in 2000-01 than in 1996-97 in all months except March, alihough no
significant differences were observed (Figure 15B).

In 1996-97, percent musche lipids in juveniles at site | declined significantly from
October to March by 65.2% while a non-significant decrease (32%) was observed at site 2
(Figure [4B). In 2000-01, juveniles at both sites exhibited significant declines in lipid levels
from October to March (48.4% at site | and 53.5% at site 2) (Figure 4B). Lipid levels in
juveniles between sample collections were varied at site | with October and December 1996
slightly higher than 2000, but February and March 1997 significantly lower than 2001 (Figure
16A). At site 2, juvenile lipids were consistently higher in 2000-01 than in 1996-97 with
significant differences between February/January and March (Figure 16B).

Depletion of energy stores through autumn and winter in salmonids has been documented
by others (Cunjak and Power 1986; Cunjak 1988). Cunjak and Power (1987) observed fish were
unable to effectively assimilate ingested foods in winter, resulling in lower energy intake while
metabolic costs remained the same. Adulis at site 1 in 1996-97 exhibited a seasonal trend
whereas adults in 2000-01 showed little change throughout the collection year. Lipids in
juveniles at site | in 1996-97 also followed a seasonal pattern while juveniles in 200001 had
fuctuating levels throughout the collection year. Adults and juveniles at site 2 in both sample
collections exhibited varying lipid levels among the four sampling periods with no trends
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1996-97 Muscle Lipid (%)
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Comparison of 1996-97 and 2000-01
Muscle Lipid (%) in Adults
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Comparison of 1996-97 and 2000-01
Muscle Lipid (%) in Juveniles
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Figure 16, Comparison of 199697 and 2000-00 mean percend muscle liphd {wet weight) in juvenile rinbow
trout collected on four sample dates each collection year from sie 1 (A) (Navajo Dam 1o Texas Hole) and
site 2 {B) (Texas Hole 1o the end of the special regulation waler} on the San Juan River, Yertical bars
represent standand error of the mean. Within a month, values having the same letter are not significantly
different from each other, Sample sizes are in parcniheses,
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observed except for the overall decrease from October to March., The absence of a
distinguishable pattern between 1996-97 and 2000-01 precludes an accurate interpretation of

seasonal versus low-flow effects.

Fish Health Assessment: August 2001
Health Condition Profil

For the August 2001 collection, mean lengths of adults and juveniles at site | were 414.4
mm and 155.7 mm, respectively (Table 1). Mean lengths of adults and juveniles at site 2 were
441.1 mm and 176.7 mm, respectively (Table 2). Sex ratios once again were slightly skewed
with 53% of adults identified as females from site 1 and 60% from site 2. OF the adult females,
56% from site 1 and 72% from site 2 were gravid (Appendix A). Condition factors
increased significantly from March 1o August for adults at site | and for juveniles at both siles
(Figures 17A and B). The 6.4% increase for adults at site 2 was not statistically significant but
may be biologically significant in reflecting a seasonal pattern of increased fitness through the
summer months across both sites and sizes (Figure 17A).

Normality indices for both sites and size classes were below the accepted 90% range for
the month of August; however, this represented little change from the March indices {Tables |
and 2). Although severity indices decreased from 6.3% in March to 4.2% in August for adults at
site 2, adulis at site | increased from 4.6% to 10.0%. Juveniles increased at both sites in August
to the highest levels of the collection period (11.7% at site 1 and 13.3% at site 2) (Tables | and
2). Hemorrhaging in the thymus was again the main contributing factor. Generally, feeding
indices increased in August for both sites and sizes to the highest levels of the collection period,
except for adults at site 1 which decreased to 60.0% (Tables 1 and 2). No significanmt difference
was detected in the health assessment index for the month of August for either site or size class

(Figures 18A and B).

Physiological Indi

Hematocrit levels in August for adults and juveniles at both sites remained in the range
observed in the previous 2000-01 sampling periods (Tables 1 and 2), Although the difference
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2000-01 Condition Factor (Including August Data)
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Figure 17, Mean 2000-01 (including August data) condition factor of adult (A) &nd juvenile (B) rainbow
trout collecied on five sample dates from site | (Navajo Dam to Texas Hole) and site 2 (Texas Hole 1o the
end of the special regulation water) on the San Juan River, Vertical bars represent standard error of mean,
Within a site, valucs having the same letier are not significantly different from each other, Sample sizes
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2000-01 Health Assessment Index (Including August Data)
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Figure 15, Mean 200001 (inclusing August data) health assessment index of adult (A) and juvemle (B)
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error of the mean. Within a site, values having the same letter are not significantly different from each
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was not statistically significant, total plasma protein in adults at site | and 2 reflected a seasonal
increase from March to August (Figures 19A). Protein levels in juveniles at both sites also
increased slightly in August (Figure 19B). A seasonal pattern was observed over the 2000-01
collection year in both adults and juveniles as protein levels decreased from October to January
and then began increasing in March and August. With the addition of the August data, muscle
lipids in juveniles from both sites also exhibited a seasonal pattern with a significant decrease in
lipid levels from October to March and a subsequent significant increase from March to August
(Figure 20B). Lipid levels in adults at both sites also increased significantly from March to
August, however, no seasonal trend was observed due to the low levels measured in October
{Figure 20A}),

CONCLUSIONS AND RECOMMENDATIONS

Analysis of the data between the low-flow test (1996-97) and baseline study (2000-01)
revealed relatively few significant differences. No relevant differences were observed in
condition factor, normality index, severity index, feeding index, and HAI between 1996-97 and
2000-01. Although hematocrit was greater in 1996-97 than in 2000-01, all values were within
normal ranges published for rainbow trout. Total plasma protein exhibited a seasonal trend of
decreasing concentrations for both age classes at site | (Navajo Dam to Texas Hole) while results
varied at site 2 (Texas Hole to the end of the special regulation water) in both sample collections.
Despite this general similarity, protein levels were generally lower in 1996-97 than in 2000-01.
However, total protein in both size classes and sites were statistically lower in October 1996
{before the low flow began) than in October 2000, indicating that the lower 1996-97 levels may
be unrelated o the test. Percent muscle lipid levels showed no trend among size classes or sites
within either sample collection. The lower mesentery fat reserves and percent muscle lipids
observed in adults in October 2000 are unexplained. October was the only month in the 2000-01
sampling period in which lipid levels of adults and juveniles were not similar. When considering
the expected seasonal increase in lipid levels (as seen in August 2001 for both size classes), the

low levels recorded for adults in October 2000 may be due 1o a disruption in the food source,
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2000-01 Total Plasma Protein (g/dL) (Including August Data)
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i Texas Hole to the end of the special regulation water on the San Juan River, Vertical bars represent
standard error of the mean. Within a site, values having the same letter are not significantly different from

cach other. Sample sizes are in parentheses.
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2000-01 Muscle Lipid (%) (Including August Data)
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The presence of such an anomaly as well as high variability among the health condition
parameters confounds the interpretation of baseline data collected from only a one-year study.

Therefore, two important questions arise that cannot be adequately addressed by the low-
flow test and baseline study: 1) are data from the 2000-01 collection period an accurate baseline
for the 5an Juan River rainbow trout population, and 2) are the differences observed between the
low-flow test and baseline study an antifact of the low-flow or because of inherent variability
within the San Juan River system (i.e., attributable to differences in annual rainfall, divrnal and
seasonal lemperature fluctuations, invertebrate biomass, degrees of fishing pressure),  If flow
was reduced to 250 cfs when rminbow trout have lower energy reserves (as was observed in
October 20000, the effects on the overall health of the population may be different than observed
in 1996-97 (when the population began the winter season with higher energy reserves). Also the
effect of habitat type and food resources within the San Juan River on adult versus juvenile
health warrant further study to provide possible explanations for differences observed between
the two size classes and the two sites in the various health condition parameters.

We conclude the health of the rainbow trout population did not appear to be negatively
impacted by the 1996-97 low-flow test. However, potential chronic effects of extended low
flows cannot be adequately assessed from the data collected in 1996-97 and in 2000-01. Based
on results presented in this report, a 4-month low-flow test and a one-year baseline study do not
provide sufficient data to fully interpret the impact of multiple vanables (both inherent and
anthropogenic) on fish health. We recommend implementation of a multi-year baseline study in
conjunction with monitoring future low flows to further assess seasonal versus low-flow effects

on the long-term health of the rainbow trout population in the San Juan River.
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Total Protein Determination (Phenol Reagent Method for Biological Fluids)
Sigma Procedure No. 690

The procedure is based on the combined methods of the biuret and Lowry for determination
of protein in plasma. The two methods were combined to improve stability of the reagents,
and provide better sensitivity. Since the method is very sensitive, the plasma or sera sample
is diluted so that the final protein concentration is between 15 and 100 mg/dl. The diluted
protein is further diluted with the biuret reagent, and later with Folin and Ciocalteu’s
Phenol reagent. The color formed is read at a wavelength between 700 and 750 nm

(7253 nm). Protein concentrations are determined from the calibration curve.

Eguipment, Materials, and Supplies

Adjustable pipets and tips (100-1000 uL; 10-100 uL), repeater pipettor, laboratory vortex,
borosilicate glass tubes (5 and 10 mL) and test tube rack, spectrophotometer and cuvettes,
timer. Sufficient pooled fish plasma and or a certified reference to serve as a control for
assays (Sigma "Accutrol” Certified Standard Reference Material- prepare according to
instructions). The Accutrol solution is stable 10 days at 4 C. Follow instructions for the
preparation of the Accutrol Reference. Maintain a log for recording the Accutrol and the
pooled fish sera. Sodium Chloride Solution (0.85%; 8.5 g NaCl dissolved in 1 liter of
deionized water).

Sear-Up Procedure

A. The sample must be diluted to obtain total protein in the range of the standard curve.
A range-finding test may be necessary depending upon the level of total protein in the
sample. This could vary between species or within species subjected to various
environmental factors. The final dilution factor for the following assay is 101 (50 ul. of
the sample was diluted with 5.0 mL of NaCl solution). Treat the unknowns similarly to
the Pooled Fish Sample and the Accutrol Reference Sample.

In large test tubes (10 mL), pipet 5.0 mL of NaCl to all test tubes; pipet 50 ul. of the
sample to its respective tube and vortex,

B, [hlute Pmtein standard - 0.05 mL standard in 5 mL NaCl.

C. Inasecond rack of test tubes (5 mL) label the tubes accordingly:

Tas
fube Mo, Tube label Contenls of tuba
i Blank {0.0 mg/dL) {010 mL NaCily
2 Standard 25 mg/dL {0,025 mlL diluted Protein Standard + 0,075 mL NaCl)
3 Standard 50 mgdlL (0..05 mb diluled Prolein Standard + 0.05 mL NaCl)
4 Standard 75 mg/dL {0.075ml diluted Prolein Standard + 00025 mL MNaCl)
5 Standard 100 mgfdL {010 mL dduled Protein Slandard)




Test

tuba Mo, Tubsa labal Contants of ube
B Accutrol Reference {010 mL diluted Raberence)
7 Pocled Fish Sample (0.10 mL diluted Pooled Fish Sampla)
B Unknown Fish Sampla {010 miL dilubed undnown)
g And 50 on,,, Repeat siep for tube 88 for sach unknown.

Test Procedure

The Biuret Reagent is already prepared. There is sufficient amount of the Reagent to
run 50 test tubes (including standards, references, and unknowns). Using the repeater
pipettor, pipet 1.1 mL of the Reagent to all tubes. Vortex each tube immediately after
addition of Reagent, and allow the tubes to incubate at room temperature for the 10
minutes. Begin timing the 10 minute incubation period with the first tube®,

After the 10 minutes, use the repeater pipettor to add to each tube 0.05 mL of the Folin
and Ciocalteu’s Phenol Reagent (this has also been prepared for you by the
manufacture. There is sufficient sample to run 50 test tubes). Vortex each tube
immediately after addition of Folin, and allow the tubes to incubate at room
temperature for 30 minutes. Begin timing the 30 minute incubation period with the
first tube®.

While the tubes are incubating, tumn on the spectrophotometer and allow to warm up.
Set the wavelength to 725 nm.

Plot the absorbance values (Y axis) versus the total protein concentration (x axis). From
the standard curve, read the absorbance for the unknowns to get the diluted protein
concentrations in mg/dL {mg /100 mL). Multiply the diluted concentration by 101
(dilution factor: 5.05 + 0.05) to get the actual protein concentrations in mg/dL, then
divide by 1000 to get g/dL. Total protein in reported as g/dL.

* For reproducibility of results, the iming of the 10-minute and 30-minute incubation
periods as well as reading on the spectrophotometer should be consistent with each tube.
When adding the Reagent and Folins from one tube to the next, allow the same amount of
time required to read a sample on the spectrophotometer. This keeps the reading of each
sample at 40 minutes from the time of the incubation of the Reagent (10 min) and the
incubation of the Folins (30 min).



Quality Assurance - Quality Control
San Juan River Protein Determination

Accutrol Inter-assay Controls

Accutrol |Diluted Concn| Actual Concn Hean
Control mg/dL g/ dL Concentraktion
12/4/2000 Bid.6A5 6.533
— i
127472000 64.131 6,477
12/4/2000 62,406 6.303 6,266
1/22/2001 60.511 5,112
1/15/2001 64 . 228 6.487 Scandard Deviation
11753001 62.512 6.314 0.3I0883207
/1772001 64.164 G.48L
271352001 52.590 5.312 n=16 *ttoo old
2FL2F2001 63,642 G.428
2FL272001 63.527 6.416f
4F19/2001 60,093 6.070]
471952001 59.863 6.046/
451952001 59.469 6,006
1071072001 63 . 438 6.407)
10/10/2001 Ga.164 6,481
10/10/2001 63.145 6.378
Rainbow Trout Intra-assay Control
RET Diluted Concn|Actual Concn Mean r* values

Control mg #dL g/ dL Scandard Deviation| 5td. Curves
13/4 /2000 45,861 2.633 4.511 1.00
12/4/2000 43.238 4.3167 0D.13395585
127472000 44 . 890 d.534

—
12/4/2000 45,333 4.579 4.628 1,00
13/4/2000 46,309 4.677T 0.06967019
1/22/2001 37.463 31.784 3.B35 1.00
1/22/2001 18, 484 1.8B7Y 0.07292256

e S

1/15/2001 45,317 4.577 4.641 1.00
1/15/2001 46.578 4,704 0.0%004354
/1772001 31.074 1.138 j.138 1.00
1/17/72001 31.064 3.137 0.00069275
1/1T/2001 11. 884 3.2Z0 3.231 0.96
/1772001 1?.1ﬂl| 1.242 0.015514059



2/1372001 35.211 3.556 3.5213 1.00
2/13/,2001 34.551 i.490 0.04714217
e ——
271272001 45.485 4.594 d.695 1.00
27122001 47.487 4.796 0.14299412
- . ——
£/1272001 46 .281 4.705 4.665 1.00
271272001 45.798 4.626 0.05595798
ey — e ——— |
471972001 35.335 1.569 3.628 1.00
§5197200]1 j6.5249 1,689 0.08525855
L s T
471972001 34.765 31.511 3.546 1.00
471972001 15.447 3.580 0.04R66908
I R e
471972001 35.757 1,611 3.613 1.00
471972001 35.787 3.614 0.00209468
F——
10/10/2001 &7.636 6,831 B.920 1.00
10/10/2001 69,395 7.009 0.125623188
—
10/10/2001 &7.B48 £.853 T.019 1.00
10/10/2001 T1.134 7.14a5 0.2346TH84
—
16710/ 2001 GE. 690 6.535 7.047 1.00
10/10/2001 T0 . B854 T.136 0.15390533
|




Protein Determination -

October,

San Juan River

2000

Sample |Diluced Concn
Humber meg S el

40.755

1A02 45.150
1AD0] 59.441
104 T6.7580
1205 45,749
1ADG 46,035
1a07 105,005
ia08 48.789
1AD9 49,478
110 B1.2a64
1A1L 42.439
1alZ T5.424
1A13 39.322
ial4 42.123
1a1s ES5.1H2
lals 13.457
1417 49 . 464
lals GE.LER
1Al 64,553
1az0 64.431
1421 TO.726
1a22 41.024
1A23 6B, 364
1a24 T2.362
1a25 104,104
iAZd 87,088
1A27Y 37.984
1a248 14.182
1A2%9 53.042
1A30 45.893
1801 61.726
1802 48.581
1B03 47 .556
1804 53.948
18405 G60.965
1806 45.274
1807 27.162
isde 51.152
1809 43.305
18140 £3.057
1811l 46.127

Actual Concn

gfdL

4
6
"
4
4
10
4
4
B
4
T
k|
]
]
1
4
6
6

]
7

4.

L]
)
10
9
5
1
5
4
L
“
4
5
]
“
3
B
5
4
4

1T
.04
L7560
.6821
650
.606
.524
.997
208
c2BE
LE1H
L9732
254
.5713
A58
. 9895
. 683
524
.508
L1430
143
905
. 309
.3l5
LEDE
.BSE
432
. 357
. 635
.a34
L3007

8203
.44l
<157
<573
- 753
1710
.gan
345

Commentcs

plasma too clear??

light hemolysis
1k, 2% ul
light hemolysis
light hemolysis

Hemo., =

hemolysis - 25 ul
light hemolysis

. 655

light hemolysis

Moan Concn for sach
sizefsite group

= s —
Sire l/Adult Mean
5. BST

Standard Deviation

2.2035414235
—_——e

Scandard Error

0.4023
—_———

n=30

Sice 1/Juvnl Mean
5.006

candard Deviation
0.719086155
e

Srandard Error
0.1565

n=2l




1812 wl.613 4.102)1ight hemolysis
1813 47.873 4.835|1light hemo. - 25 ul
iBl4 41.896 4,231
1815 51.617 §.213|light hemolysis
iplé 25,164 5.572
1817 48.8B70 1.336|dark red - 25 ul
1818 4B.7E69 4.926|1light hemolysis
1B19 BE.3IRZ 6.705
iB20 495 .313 4.981 |hemolysia
1821 44.563 W.54l1

e = __—
ZA01 54.919 5.547 Site 2/Adult Mean
2h0O2 41 .591 4.201 5.965

——

2r03 48 .B0E 4.930
2a04 42 .BES 4.329 Standard Deviation
2805 87,748 B.HE3 1.530422645
2ROE 35,689 10.06%
2R0T 82.949 B.3TH Srandard Error
AR08 57.797 5.837 |hemolysis 0.2754
Zh09 a0.7048 6.132
2R10 19.237 3.963 n=30
2r11 33.508 3.384|1ight hemolysis
2R12 43.558 §.39%
AA13 G6.489 6.7T15
Zh14 51.581 5.250
2R15 51.281 5.179%|1light hemoly¥sis
2A16 46.874 4.734
2A17 Gl.629 6.22%9
2A1E 65.480 6,613 lhemolysis
2A19 60.394 6,100
2R320 Bl.862 8.470
ZR21 50.758 5.1d7
2A21 51.506 5.202
2A23 65.943 §.660|1ight hemolysis
A4 G6.648 6.731
2A25 57.029 5.760 |hemolysis
2A26 56.515 5.708
2R2T 60.221 6.082]1ight hemolysis
ZRZB 46.543 4.701
ZA29 74.599%5 7.574
2A30 &0.d498 6.085
2801 56,246 5.681|1ight hemolysis 5ice 2/Juvnl Mean
2802 26.016 2.628|dark red/brwm - 25 ul 4.573
2B03 54.183 5.472|light hema,. - 1% ul
2B04 48,137 4.864|1ight hemalysis Standard Deviacion
2805 40.615 4.102 0.77T582677
2806 S6.394 5.696




2807
ZB0A
2809
2810
2811
2B12
2B13
2814
2815
2B16
2B17
2B1H
ZB19
2B20
2821
2822
2823

37.460
d48.542
55 .555
48.168
45.688
d3.624
46.027
44.587
37.689
35.525
40.775
47.150
d48.516
51.819
iB.660
50.225
37.770

3.783
4.5303
5.611
4.865
4.614
4.406
d.64%
4.503
3.807
3.588
4.114
4.762
4.500
5.436
3.507
5.073
3.B15

light hemalysis

light hemolysis
light hemolysis

light hemolysis
not encugh plasma??

hamolysis

Standard Error
0.1618

n=23




Protein Determination - San Juan River

Commonta

some hemolysis

ican Concn for eac
slze/site group

Siee 1/Adult Mean
5.731
i

some hemolysis

Standard Deviarion
1.5647T743595

Scandard Error
0.2857

n=310

Site 1/Juwnml Moan
id.143

gome hemolysis

Standard Deviablon
0.726043E61

December, 2000
Sample |Diluted Concn| Actual Concn
Humber mg /S diL g/dL
1A31 54.413 9.536
1A33 Bl.249 8.206
1A33 44.462 4.491
1A34 a4 . T27 4.517
1A35 52.008 5.25%1
1AJ6E 43.071 §.350
1A37 a6 .627 4.709
1A3B 65.538 6,619
1AlS 91.285 9._422
LA40 Bl.226 6.184
1adl 55.629 L.615
1A42 531.802 5.414
1A43 15.920 3.628
1A44 57.508 5.808
1Aa5 52.982 5.351
1Aa6 45.369 4. 582
1A47 68 . 662 6.9315
1A48 62.330 6.255
1ASS 41.887 4.231
1AS50 4B.724 §.921
1A51 49774 5.027 | hamolysis
LAS2 o4.91B 5.547
LAS3 SE.108 5.B6%
LASY 44 . 874 4.532
1AS55 T3.783 7.452
1AS6 33.594 3.393
1A57 62.232 6.285
1A5H 45,294 4.979
1A5% El.408 B.222
1A&D 44 . BTS 4.532
1831 43.8%0 4.433
1m3z 47.170 4. 764
1833 52.674 5.320
1834 40.271 4 .067
1m35 40.842 4,125
1836 41.278 4.1&E59
1837 43.272 4.370
1838 35.462 i 582 hemolysis
1R3% 34,841 1.448
im4o 48 .484 4.4897
1841 47.529 4.800

Scandard Error
0.1372

n=28




1842
1843
1844
145
1846
1847
1848
iB4s
1B50
1851
1852
1853
1854
1855
1856
1857
1e5%
1859
1860
2Adl
ZRid
2h33
ZA34
2A35
ZA3IG
ZA37T
2A38
ZA3D
2R40
2p41
2pdd
2r43
Zadd
2R45
246
2247
2ad8
2A49
2A50
LAD1
2A52
2A53
4A54
ZA55
2A54
2A57

36,510
47.166
14,846
312.914

63.549
46.67%
36455
j9.141
35.021
34.415
2T.73%
40.826
j9.453
ad .64
35.572
J6.834
37.420

GE.007
50.724
4B8.361
24 . 3560
45. 998
£E.4895
36 .857
50.355
40,595
50.811
52.5648
B1.577
56.514
77.858
B5.830
40.046
45.306
3a.407
44 .965
48.889
54.254
19.91%
56.899
47.418
46.641
42.751

46.577

3.688
4.764
3,519
1.324

6.418
4.715
3.686
3.853
3.537
3.476
2.802
4.123
3.585
4.531
3.997
3.720
3.779

6.667
5.123
4.884
5.490
4,646
G918
3,723
L.08BE
4,100
5.133
5.309
g.23%
5.708
T.864
5.639
4.045
4.576
3.875
4.541
4.938
5.480
4.032
5.747
4.78D
4.711
4.318
4.704

hemolysis

not enough plasma

hemolysis

some hemolyaig

some hemolysis
not enough plasma

some hemolysis

gome hemolysis

Sice 2/Adult Mean
5.101

Standard Deviatlion
1.15749%3072

|

Standard Error
B.2113

n=30




2h58 56.47% 5.704

2A59 30.997 3.131

2a60 38.72% J.911

e

231 48.310 4.879

2B32 54.775 5.533

2833 49,093 i.959 hemolyais

2834 47.778 4.825

2m35 48.56213 i.911

2836 24.127 4.457

2837 52.989 5.352

2838 £3.913 4.435

2m3s 52.297 5.282

2840 45.34% 4.580

2841 75.4671 T.643

2B42 59.2a6 5.5986

2843 40.501 4.091

2B44 47.230 4.770

2B45 a7.990 4.847

2n48 a7.11% 4.759some hemoly=is
2847 51.866 5.238

2848 a0.062 §.046)|some hemolysis
2849 a2.033 4.245|some hemolysis
2850 27.608 2. 7EE|heamolyeis - 25
2B51 44.217 4. 466 hemolysis

2A52 51.045 5.15%6|some hemolysis
253 48.729 §.922 |some hemolysis
2654 44.165 4.48]1|hemolysis = 25
2855 46,068 4.653

2856 18461 3,885 |hemolysis - 25

ks

uals

uls

Sice 2S/Juvnl Mean
4.814

Scandard Deviation
0.842600277

Standard Error
0.1652

n=2&




Protein Determination - San Juan River
vanuary, 2001

Sample |[Diluted Concni Actual Concn Comments Meaan Conen for each
g,/ dL gize/site group
i9.494

1A62 45.5189 4.597 Site 1/Adult Mean
1aG3 431.123 4.355 4.35%

1aE4 46.B31B 4,731

LAES 57.221 5.779 Standard Deviation
1AhEE 80.750 B.156 1.102

1he7 26.491 2.676

1a68 41.50% 4.202 Standard Error
1AGES 38.007 3. B39 0.2013

1LATO 57.717 G.B29 ]
1471 4B.851 4.534 n=30

1AT2 46.799 4.727

1A73 41.731 4.215%

1A74 13.6%% 1.382

1A75 31.19% 3.151

1A76 47.556 4.803

1ATT 41.698 4.211

1A7H 3%.700 4.010

1A73 48.704 4.919

1480 41.682 4.210

1481 45_878 4.634

l1a82 44.117 4456

1A83 49.644 5.014

1A84 10._541 4.135

1R85 40.037 4.044

1Aa86 19.556 3.995|clear

1487 40.158 4.054

1a88 40.871 4.108

1485 40.279 4.068

LAS0 35.063 3.541

1861 3Z.028 3.225 Site 1/Juwvnl Mean
1862 40.747 4.115 3.B03

1B&3 25.638 2.993

1864 41.422 4.185|some hemolysis Standard Deviatisn
1BES 47.776 4.825 0.658

—

1n&6 45.659 #.612

1867 43,378 d.442|zome hemolysis Standard Error
1868 48.694 4.918 0.1302

InES 31.500 j.l82

1870 32.604 3.293 n=30

1871 41.423 4.184




1n72 28,856
1873 40,210
1874 11,730
175 34.141
1876 52.952
1877 331.298
1878 35.154
1879 37.538
1BA0 45.470
1881 33.606
iBaa 42.308
1883 30.652
iBA4 34.533
1BAS 41.572
1BBE 35.218
1E87 28.757
1EBA 33.526
1683 31.032
1850 39.083
2A61 55.655'
2R62 44.246
2A63 58.257
2A64 45.63&
2AES T5.27%
2A66 50.347
2A67 T0.658
2RER 43.60%9
2A6Y 38.135
2470 37.846
2ATL 35,216
2AT2 39.003
2ATI 42.983
2ATY 40.67%9
2ATS 32.138
2ATH 13.443
2ATT 4% B&E
2ATH 49,771
2AT3 44.116
2A80 46.073
2A81 29.9312
2AB2 45,355
2AH3 43.383
2484 37.563
2A85 44.281
2ABE 26.15%3
2ART 40.567

2.915
4.061
3.207
j.d48
5.352
3.363
3.855
3.791
4.5%2
3.3%4
4.273
3.100
3.528
4.19%
3 ..557
2.904
3.386
3.133
3.5947

some hemolysis

hemoly=zis

some hemolysis
hemolysis
somé hemolysis
hemolysis
some hemolysis

5,621
4.469
5.884
4,609
7.603
5.0B5
7.137
4.40%
31.852
1.822
1,557
3.93%
4.341
4.109
3.246
1.964
5.037
5.027
4.456
4.653
3.021
4.581
4.442
3.794
4.472
2.641
g .0%97

clear

soma nemolysis

soma hemolysis

Site 2/Adult Mean
4.466

Srandard Deviatcion
1.142

Standard Error
0.208%

n=30




ZABB 42 .047 4.247

2ZAES 51.562 5.208 | hemolysis

290 46 .DB2 4.654 |

2861 33.11& 3.345

2B62 A2 . 668 3.299 4.047

2863 41.375 4.179 | hemolysis

2864 40.661 4.107

2865 44,431 4.488 0.65%9
_

2B66 45.909 4.637

2BET 42.948 4.338

2868 36.772 1.714 0.1224

2869 39,149 3.954

2870 38.860 1.925|same hemolyais n=29

2871 no plasma

2872 43 .927 4.437 | hemolysis

2873 31.958 3.228

2874 28.566 2.885%|scme hemolysis

2B75 ig.284 3.665 | hemolysis

2876 3%.864 4.026|s0me hemolysis

2B77 47.440 4.791 | hemolysis

2B78 47.647 4.812 |hemolysis

2879 32.5%8 J.2%2|some hemolysis

2880 39.187 3.959

2081 a3.045 4.348

2882 531 .565 5.410

2883 35.107 3.546|s0me hemclysis

2884 56.930 5.750|s0me hemolysis

2885 34.838 3.4%8 |soma hemolysis

284886 34.545 3.48% hemolyslis

2887 41.060 4.147|hemalyais

2ba8 45.768 4.623 |hemolyaisn

2BR9 35.446 31.580hemolysia

2890 3g@.598 3,893

=
Site 2/Juvnl Mean

Standard Deviation

Standard Error

_— L ——_——_————™—————_—



Protein Determination - San Juan River

March, 2001
Sample |Diluced Concn| Actual Conen Comments Mean Concn Eor na.r.'j
Mumher g f Ll g/dL size/site group
_— e ee————
1a91 46,602 4,707
1A92 21.751 2.197
1Aa93 17,344 3.772 m
1ADd 42.174 4,260 4.552
1A9S d46.837 4.731
1A9 6 48,032 4.851 Scandard Deviation
1A97 59,471 5, 00T 1.131551754
1298 65.419 6.607 e
1A599 73.1a7 T.350 Standard Error
14100 42.594 4.343 D.2066
1A102 33.167 3.150 n=30
1Al03 46.627 4.708
1A104 63.751 G.439
1A105 32.250 3,257
LAL06 21.305 2.152
1A107 44,514 4.4596
1AL1048 40.276 i.0G68
1A109 40,966 4.1318
14110 44.741 4.519
1A111 50.8113 5.134
1Al112 44.436 4.4B8
1A113 47.516 4.759
1A114 37.893 1.827
1A115 49,302 4.979
1Al11A 40.60L 4.101
1A117 50.1135 2.064
1Al118 42.20% 4.263
1A119 49.31% 4.981
1A120 52.955 5.348
1891 33.773 3.411 Site 1/Juvnl Mean
1892 44.936 4.539 3,943
1893 50.525%9 5.103
1894 43,154 4.359 Standard Deviation
1895 42.927 4.336 0.6377173713
1ngg 25.717 2.603
1857 31.488 1.180 Standard Error
1698 40.847 4.136 0.1594
199 42,467 4289
1B100 37.870 1.825 n=14
IB1OL J7.278 3.765




[no plasma

—

1m102 44 . B5S &.530
18103 34.3205 3.455
18104 41.95%0 4.241
in165

18106 31. 886 3.220
18107 20,479 4.0BE
AR31 25.7%6 Z.605
AT 50.479 2.098
2A93 27.204 2.748
LA34 33.892 3.403
2835 48.925 4.941
JADE 37.248 3.762
SAS7 40,454 4.084
2A9H 53.001 5.352
FELL 18.211 4.8469
2A100 27.890 2.81%
2al101 35.398 3.575
2A102 48.386 4.887
2A103 31.364 J.i68
2A104 52.482 5.301
2A105 56.636 5.720
2A106 43.705 4.414
2A107 47.045 4.752
2A108 Z2.914 Z2.314
2a109 531.083 5.361
2A1140 44 .663 1.511
2al111 37.9139 3.B30
2Aa1132 47.964 4. Bd4
2A117 46.511 4.698
248114 42.9086 4.334
2A115 48.412 4.850
2A116 49.723 5.022
2a117 45.240 4.56%
24114 53.002 5.353
2A1189 50.918 5.143
2ZA120 56.074 5.663
2891 46.508 4,697
2892 40.557 4.100
2ES3 50.747 5.125
2894 50.685 5.11%
i ch L 20.615 4.102
2896 57.456 5.802
2897 dd. 230 4. 467
ZB9H 41,835 4.231
2859 45.032 4.548
28100

no plasma

Site IfAdult Mean
d.401 &

Scandard Deviation
0957620946

Scandard Error
O.1748

n=30

Site 2/Juvwnl Mean

i.403
- —m—m—

Standard Deviation
0,658640296

Standard Error
0.1268

H-ET



ZB101 37.498 3.787
28102 47.832 4.831
ZB103 40.121 4.052
<B104 36.760 3.915
ZB105 53.5994 5.454
2B106 55.482 5.604
2B107 39,195 3.559
ZBloA 3B.235 3.862
28109 41.280 4.16D
2B110 43.345 4.438
2B111 i0.978 3.12%
ZB112 43.535 4.397
ZB113 44.504 4.495
2B114 35.985 J.634
2B115 16.401 3.677
2Bl16 40,812 4.132
28117 52.310 5.303
28118 38.083 J.846




Protein Determination - San Juan River
August 2001

Sampla

Number
1Al2l
1A123
1alal

1a134
1Ald5
1aldé
1127
1A128
141259
1AL13D
1A131
1A132
1A133
1A134
LA135
1Al36
1A137
1A13H
1A139
1Al40
1al14l
1Al&2
LAlad
1A144
1A145
1Al46
1A147
1AlsaH
1ALl
1LAal50
18131
1Bl
18123
18124
16125

1B126
18127
18128
16129
18130
18131

Diluted Concn
miy S dL
E2.493
67T .695
56,647
55,371
&6 . T4E
40, 000
46,832
49,3286
55.772
55.245
88.8359
43,783
67.432
39.171
45.512
46.197
74.081
4l .447
45.526
49.014
56.545
49.532
5%.167
56.621
ip.331
41.058
51.353
47 .64k
T1.034
64.610
50.829
46.580
43.352
47 .540
4a0.578
J4.4B81
40.147
43.378
37.812
45.709
16.091

Actual Conen
g /dL
6.312
6,837
5.721
5.592
6.742
4.040
4.730
4.578
5.633
5.580
B 8731
4. 422
6.811
3.956
4.557
4.666
T.4B2
4.893
4,598
4.950
8,751
5.003
5.572
5.7149
3.871
4.147
5.191
4.8132
7.174
8.526
5.134
4. 705
4.379
§.802
4.098
1,483
4.055
4.381
3,819
4£.617
3.645

Commants

light hemolysis
light hemolysis

hemaly=is
light hemolysis

25 ul, light hemo

hemalysis
25 ul, light hemo

25 ul

Mean Conecn for each
size/site group

Sice 1/Adul: Mean
5.643

Srandard Deviacion
1.41404850R8

Serandard Erraor
0.2582
— —

n=30

Site 1/Juwvnl Mean
4.192

Srandard Deviation
0.669230717

Standard Error
0.1243

nedd




18132
18133
IBllg
1B135
1Bl3&
18137
im13s
181353
18140
1B141
LBL42
IBpl43d
1B144
18145
18146
18147
irida
18145

2R122
dAldl
2p124
2A125
2AL26
28127
2Al2H
2A12%
2a1340
2Aa131
2Al132
2R133
2A134
2A135
2A116
2A1137
2Al113A
2A139
2alan
2hl41
2Al142
2A143
2nl44
2M145
2Al48
2ala’

44.450
39.358
45,705
42.09%
45.503
37.523
40.56%5
32.%21
a4 .64l
41.586
25,353

25.589
45, 264
42.261
34.004
41.324
36.053
32.%5%4
33.109
al.Bohe
BE.6T0
35.718
48.841
50.936
60.052
48.222
a5.624
B1.177
T7.625
60.475
39.486
G4.344
63.153
50.273
BE.954
TE.948
BE, 231
38.03%
T7.853
32.54%
L2.496
15.106
38.111
46,754
46 . 487

d.493
J.975
4.616
4.252
4.596
3.730
4,097
A.285
5.520
4.200
B.651

2.584
4.572
4.26R
3.434
4.174
31.641

2.243
5.724
d.012
4.933
5. 145
&.065
4.B70
4.608
8.199
7.840
6.108
3.988
6.459
6.378
2.987
6.762
T.772
G.689
3. B42
T.883
3.287
5.302
1.526
3.B49
4,722
4.65%5%

23 ul, light
25 uL, light

25 ul, light

25 uL, light
25 ul, light

clotted

hemolysis

hamo
hamo

hemo

Tuemo
hemo

not enough plasma

light hemolysis

Sice 2/Adulc Hean

5.417
—

Srandard Deviacion
1.544122911

Standard Error
0,.2819

n=310




21448 46.822 4.729

28149 62.099 §.272

ZR150 62.02% b.265

28121 38.757 3.914125 uL, heawvy partiec] Sice 2/Juwvnl Mean
2B122 41.761 4.218 4.612
2R123 41.285 4.170

28134 46.812 4.688]25 uL, light hemo Standard Deviation
281235 37.983 3,836 0.616095768
2B126 43.0583 4.348|1ight hemolysis

2m127 431.205 4.364 |hamolysis Standard Error
2Bl128 43,383 4,382|25 ul,, light hemo 0.1125
2R129 a4 .659 4.51111light hemolysis ____‘
28130 38 .R/55 3.925]025 ul, light hemo n=310
28131 L4.21B 5.476hemolysis

28132 d41.664 £.410025 ul, hemolysis

2R133 45.07L 4.552

28134 45.645 4.610

28135 44.602 4.505

28136 41 .806 4.222

2B137 53.049 5.358

2B138 57.302 5.788

2B13% 40.5%4 4.100

28140 45.4862 4.592

ZR141 40.665 4.107

28142 35 .305 3,566

2B143 56.T704 5.92%

2Bl44 G44.744 4.514%

28145 L&.299 5.484

28146 43.817 §.426|hemolysis

2BL47T 57 .296 5.787

2Bl4B 50.954 5.146

2Bl43 a5.531 5.0013

2B150 43.833 4,427 hemolysis

m—




ATTACHMENT C



Percent Muscle Lipid Extraction Procedure (Wet Weight)

Procedure

Epaxial fish muscle is dried and muscle lipids are extracted with methylene chloride and
determined gravimetrically.

Marerials Needed

50 mL beakers (prelabeled), 50 mL burets and teflon stopcocks, buret stands and clamps, glass
wool, heavy duty aluminum foil, pestle, funnel, methylene chloride (approximately 50 mL per
sample), sodium sulfate (approximately 2 g per sample), drying oven, fume hood, and scale.

Ser-Up

Prior to lipid extraction procedure, take one 50 mL beaker for each sample and heat for
20-30 minutes at 90°C then cool in desiccator for 20 minutes. Record the weights for each
beaker to the nearest (0.5 mg. Repeat this procedure until the difference between successive
weighing is less than 0.5 mg.

1. Thaw the muscle tissue until it is at room temperature. Weigh aluminum foil {doubled
with shiny side inside and marked with specimen L.I.). The weight of the clean foil needs
to be noted for later calculations. Tare scale, remove tissue from cryovial, place on foil and
weigh to nearest 0.5 mg (mass of wet tissue). Care should be taken to eliminate bone,
blood, scales and skin. Dry tissue for 12 hours at 60°C.

2. After drying, cool tissue and weigh dry tissue and foil. Subtract original clean foil weight
to determine mass of dry tssue. Fold all four sides of the foil around the tissue and
pulverize the tissue with a pestle.

3. Add approximately 2 em of glass wool at the base of the buret nearest the stopeock, and
setup burets on buret stands. Using a funnel, pour approximately 1 cm of sodium sulfate
into the buret above the glass wool. This will act as an additional dehydrant to water

remaining in the tissue.

4. Add the dry tissue to the buret. Add approximately 1 cm of sodium sulfate above the
tissue layer. Then rinse the foil and inside of funnel with approximately 5.0 mL methylene
chloride into buret to remove all remaining tissue (do not rinse before placing the sodium
sulfate into buret as this causes the tissue to bubble up on top of the sodium sulfate). Place
a labeled 50 mL beaker under each buret.

Record the beaker number used for each muscle specimen.

L



10,

11.

12

Open the stopoock carefully to allow the methylene chloride to run through the tissue and
sodium sulfate layers and into the glass wool, then close stopoock. Allow the methylene
chloride to soak the tissue for 1 hour.

After soaking, pour methylene chloride into the buret up to the 45 mL mark. Open

stopeock and allow methylene chloride to drip at approximately 1 mL per minute into the
50 mL beaker. The lipids will be collected in the beaker in the solvent phase.

Allow the beakers containing the solvent to evaporate in a fume hood (12-15 hours).

After all solvent has evaporated, place beakers in the drying oven at 90°C for 2 hours.
Allow beakers to cool in desiccator for 25 minutes, then weigh and record the weights to
the nearest .5 mg.

Repeat step 10 until the difference between successive weighing is less than 0.5 mg,
Subtract the clean beaker weight from the lipid beaker weight for lipid mass after
extraction.

Calculation for percent muscle lipid (wet weight): (Lipid mass after extraction/Mass of wet
tissue) x 100,

Calculation for percent moisture: (Mass of wet tissue - Mass of dry tissue/Mass of wet
tissue) x 100.



San Juan River Fish Health Assessment
Setobar 2000

Adule - Site 1

Adult - gita 2

Juvenils - Site 1

Percent Muscle Lipid and Molsture

Juvenile - Sice 2

Specimen| Percent | Percent | Specimen| Percent | Percent | Specimen| Percent | Percent | Specimen| Percent | Percent
I.D. Lipid |Moisture I.D. Lipid |Moisture I.D. Lipid [Moisture I1.D. Lipid |Moisture
1801 0.1257 8gz2.77 ZR01 0.5713 T6.12 1601 3.3491 T5.62 ZED1 4.7012 T2.37
1A02 1.4110 T4.48 2A02 0.1511 76.88 1802 0.8770 75.88 2B02 3.32577 T4.41
1A03 0.9385 74.57 Z2A03 0.1241 78.40 1802 0.7211 77.1% 2803 3.5651 73.565
104 1.0911 T6.77 ZA04 0. 6603 73.37 1804 0.8618 17.46 2804 0.4103 TH.5%5
1A05 0.1735 TB.54 2A03 1.2406 75.38 1805 2.0669 76.11 2B0% 2.1876 T7.13
1A06 1.9969 T74.77 208 1.7768 T5.38 1806 0. 8505 T7.35 2B0E 0.699% 77.62
1507 0.9352 75.83 2A07 0.5343 75 .02 1807 0.7024 TH . 8BS 2807 0.4784 TE6.6%
1A08 0.6307 76 .00 208 1.017% 77.33 1B08 1.4670 T6.41 ZB0E 2.61%2 T5.413
1ADS 1.0648 75.88 2R09 0.7443 77 .64 1805 1.015% T8.36 2009 3.6846 T4.20
1A10 a.437% 75.94 2ZR10 0.2191 717.33 1610 1.4882 TE.99 2W10 0.5033 77.21
ialil 0.1851 17.08 2811 0.7261 T7.54 1811 1.013% .11 2E11 0.9723 T6.12
1A12 0.6254 77.32 2812 0.4851 T6.632 1812 1.4113 77.76 ZB12 0.2618 BG.63
1A13 0.3357 T6.15 ZAl13 0.8211 75.52 1B13 0.8205 TE.BD 28113 0.6550 75.36
1A14 0.1266 TR, 20 2Al14 0.198% 7B .89 1814 1.4125 T&.18 2814 1.1901 77.47
1al5 0.1505 T6. 80 ZAl5 G.3%07 T8.17 1B15 1.6101 74.98 2815 0.7214 76,56
1Al6 0.0968 B8l.21 2A1A6 0.7978 TT.33 1B16 2.0243 T6.18 2816 0.4336 TH.52
1A17 0.1975 BE .05 2R17 0.2163 75.73 1817 0.9436 T8.25 2817 2.5874 76.01
1Al8 0.3276 TE.18 2nl8 0.9072 76.17 1B18 1.4413 75.75 2818 3.2382 73.35
1A1S 0.3718 T .46 2A19 G.1681 TT.38 18189 1.1311 e .27 2B1% 2.5456 Td.12
1A20 0.1691 75.948 2AZ0 1.1350 75.81 1B20 1.0B04 75.31 2820 0.894% TE.23
1AZ1 0.6915 75.913 2a2l 0.1102 77.53 1821 0.6441 TT.67 28211 2.9%151 76.57
iA22 Q.1%924 T6.33 A2 2.6032 T3.74 2822 1.1337 75.16
1A23 1.3886 74.341 A2 0.48332 74.70 2823 0.5822 T7.88
1A24 1.1245 T6.11 ZAZd 0.1828 T8.02
1A25 1.7632 T4 .87 2h25 1.4111 75.31
1A26 0.3340 T6.78 2226 2.0944 T5.81
1A27 0.6138 75.60 22T 3.4839 T4 .34
1A28 0.0945 83.10 ZA2E 0.4336 T6.55
1AZ9 0.5581 73.79 ZR2H 0.8138 74.18
1A30 0.2875 76.71 2A30 2.1556 T4.502
1A Maan Q.6147] T7.0267] IA Mamn 0.88889| 76,243E] 1B Nesan 1.2825] 76.7T8317]| 2B Msan 1.5843] 76.4158
Scd Exrr 0.08587 0.5%112 0.1488 80,2732 0.13&3 0,22%% 0.2831 0.5841
Std Dav. 0.52 2.80 0.81 ~1.50 0.62 1.05 1.36 2.80




San Juan River Fish Health Aspessment
Deceambar 2000

Ahdule - Sies 1

Adule - Hite 3

== Percent Muscle Lipid and Moisture

Juvenile - Site 1

Juvenile - Site 2

Specimen| Percent | Percent | Specimen| Percent | Percent | Specimen| Percent | Percent | Specimen| Percent | Percent
1.D. Lipid |Moisture 1.D. Lipid |Moisturs I.D. Lipid |HMoisture I.D. Lipid |Moisture
1h31 1.68054 T3.77 2A31 0.7320 T5.58 1831 0.2675 T7.79 ZB3i1 0.4518 16,20
18312 0.5482 T6.42 2A32 0.4888 T6.14 1B3z 0.6758 T7.26 2B32 0.1697 TE .40
1A33 0.4382 78.35 24313 0.13213 77.84 1R313 2.2290 T4.59 2833 0.6640 TE.312
1A34 0.6038 77.29 2834 1.2126 T6.26 1834 0.4863 78.07 2834 0.3824 T6.47
1A35 0.2261 77.4%7 2A35 0.434% 76.47 1R35 0.2661 TH.35 2835 0.6260 T6.72
1A36 0.7430 75.85 2A36 d.8611 76.08 1836 0.7522 T6.74 2836 0.3872 T7.38
1A37 0.3205 76.43 2437 0.4141 78.45 1837 0.4175 77.62 2837 1.3876 T6.00
1A38 0.4840 T7.33 ARIE Q.9860 74.66 1838 0.3763 T6.48 2838 0.4269 T6.18
1A3% B.7770 75,99 2R3IE 0.1314 79.96 183% 0.1382 77.34 2B39 0.2960 77.87
1A40 0.7472 75,21 AR40 0.1738 78,16 1840 1.1441 T5.77 2B40 0.4351 75.59
indl 0.4%316 67 .28 Andl b.4113 74.01 1B41 0.6490 75.25 2B&1 0.2976 T6.37
142 2.7024 75.07 2A42 0.4036 73.591 1842 0. 2466 BO.TT 2B42 0.B445 T6.67
1A43 0.16%98 75.37 2A43 1.0705 T6.24 1843 1.1179 T6.52 2B43 0.5548 T6.28
1ada 0, 7165 TE.29 FETL f.3565 75.23 1B44 .4323 77.08 2B44 0.4861 T6.37
LA4S 0.9817 T4.74 P 0.6647 T5.4% 1B45 0.2797 T8.20 2B4S 0.6282 75,594
1Ad6 0.8703 B3.80 2hAE 1.8604 Td4.36 1846 0.3112 T8.11 2B46 0.7322 77.41
1A47 0.8300 T5.80 2heT 0.7872 T4.599 1847 D.4322 T76.58 2B47 0.8444 77.21
1A44 1.1175 T5.00 2hqH 0,3037 T8.77 1848 0.4655 15.98 2B48 0.8894 T7.31
1A49 089594 T5.10 2R49 0.5074 77.140 1B4% 0.4224 77.46 2849 0.3810 77.09
1AS0 0.5058 T15.46 ZAS0 0.5408 T7.40 18540 0.7911 77.33 2850 0.2979 .9l
1A51 0.290% T6.45 2A51 0.5766A 75.95 1B%1 F.4100 17.00 2851 0.5417 77.18
1A52 0.8957 75.81 2A52 0.1211 BD.59 1ns2 0.3544 TH.43 2B52 0.3854 77.84
1AS3 0.e0ad 15.44 2A51 b.6018 75.30 1853 0.58%4 75.00 2B53 0.8758 TT.13
1A54 1.2216 15.35 2A54 0.6003 75.70 1B54 B.2453 T7.77 2B54 0.6012 Tr.81
1AS5 0.2275 16.45 M55 1.13a07 T4.B6 1855 D.6936 TT.41 2B55 1.5868 T6.84
1ASE 0.154% 78.21 2AS5E 1.6715 Ti.94 1856 1.1556& T6.90 ZB56 1.3702 T6.6%
LAST 0.4379% 15.3% 2AST 0.7z280 T8.38 1B57 0.4702 T6.08
1a5H 1.235% 75.49 2ASHE 0.366T7 T5.80 1858 0.7745 TE.45
1A5%5 3.1045 17.69 2A53 O.1B7A 84.15 1a5% 0.8554 77.58
1A60 0.3236 76.50 2AG0] 0.6490 77.18 1860 1.1110 77 .46
1k Mean Q.7T200 T6.21] IA Memn 0.6216 76.81| 1B Hean 0.6234 77.12| 2B Mean 0.8358 T6.82
Etd Erx 0.0853 0.4551 0.0707 G.3886 0.0771 0.2183 0.06854 0.120%
Std Dov. 0.5 .49 0.3%9 2.13 .42 1.20 0.35 D.66




San Juan River Fish Health Assessment
January 2001

Adult - Site 1

Adult - Bite I

Juvenils - Site 1

Percent Muscle Lipid and Molisture

Javeniles - Site 2

Specimen | Percent | Percent |Specimen| Percent | Percent Specimen | Percent | Percent | Specimen| Percent | Percent
I.D. Lipid Moisture I.0. Lipid Molsture I.D. Lipid Molsture I.D. Lipid Holsture
1AGL 0.56459 T6.98 2MEL 0.6538 T6E.36 1B61 1.0409 T5.66 2B61 0.6068 75.70
1A62 1.5294 T4.73 2R62 O.B4BE 75 .80 1862 0.3921 76.58 2863 0.505%6 Ti.28
1A6] 0.8698 75,33 2A63 0.7477 T7.43 1863 0.59135 77 .48 2861 0.45981 77.55%
1AG4 0.724% TE.07 2A64 0.9655%5 15.96 lpEd 1.2226 77 .09 2864 0.3700 75.46
LAES 2.3063 T5.34 2RB5 0.8812 T6.85% 1B65 0.92483 77.01 2B65 0.8B7TED 76.72
1LAEE 0.8267 TE.849 2AG6 2.972%9 T3.62 1B6E 0.5145%5 TE.66 2B66 0.6B5] 75.74
LAGT 0.1782 T49.58 2887 1.3578 T4 .83 1867 0.4486 75.82 2887 0.5%78% T7.08
1AGHE 0.3164 T7.10 2A68 1.5182 74.54 68 0. 4030 T6.58 2868 1.0728 76.08
LAES 0.7676 76.98 2RES 0.3370 77.0%9 1869 1.1361 75 .88 2B69 0.5739 T& .96
1AT0 0.9648 76.29 2AT0 0.5%115% 77.05 1870 Q.E715% 77.13 2870 0. 68053 76.63
iRTL 2.479% 73.00 2871 0.2775 T7.34 1871 0.6979 75.03 2871 0.7T013 76.98
1A72 0.4230 T6.5%0 AT 0.2568 76,85 1872 1.2895% T6.40 2872 0.5856 77.51
1A73 0.2567 77.13 2873 0.7431 e .20 1873 0.3986 75.22 2B73 0.8951 77.28
1A7T4 0.2617 B7.49 ZAT4 1.9249 T4.38 1874 0.5720 17.53 2B74 0.8229 77.82
1ATS 0.2240 TE.16 ZRTS D.2538 77.37 1B75 0.B943 77.12 LBTS 0.635% 78.31
1ATE 0.3638 T4.29 2ATH Q.3559 79 .38 1B76 0.5580 73.54 2876 0.88%8 T&.8B5
1ATT 2.5652 T4.81 2ATT 1.0143 T5.41 1R77 1.07B8% T6.50 2877 1.1372 77.24
1AT78 0.5036 TE.4% Z2AT7H 0.919& 75.37 1878 2.2369 76.37 2878 1.0835 75.76
1AT7S 0.6125 T5.64 2AT7H 0.5953 Ta.22 187G 1.760% TE.49 ZB7Y 0.4%08 77.58
1AB0 0.3954 16.52 ZhB0 0.9441 T4.36 LBan 0.7711 T3.00 ZBAD 1.209%9 T5.86
1ABL 1.5032 T4.86 2AB1L 0.5636 T6.46 1881 1.0623 TE.72 ZBE1 1.7747 T4.16
1A82 0.529% 75.54 2hE2 1.908% 15.4E 1882 0.5841 T6.11 2882 0.9820 74.28
1RE3 0,656% 74,56 2hB3 1883 0.5225 Th.91 25812
1AES 0.2864 T7.87 2ZRE4 0.7269 75.32 1B84 0.5481 T7.33 ZBB4 1.39B88 T5_B6
1AES d.5068 T2.12 2AES 0.4170 Td.64 1REY 0.9417 75.15 2BBS 1.311% T6.92
1ABE 0.6375 T5.16 ZRBE 0.2173 TE.50 1BEE 0.8176 77.22 2B8E 0.9372 T7.38
1ABT 0.9144 75%.88 2ART 1.4354 75.08 1887 0.4241 77 .86 2BE7 1.9644 TE.61
1ABE 0. 5440 Th.24 ZhBHE 1.46594 Ti.86 1088 G0.4489 T7.70 ZBBH 0.6101 74.93
LABS 0.4569 T5.66 ZhE9 1.799% 75.43 189 0.5760 77.74 2889 0.7255 78.37
LAS0 0.2009 TE.T0 2A590 0.7037 75.34 1B%0D 2850 0.9171 75.07
ik Hean 0.7790 T6.51] 2K Mean 0.9402 7%.%1] 1B Mean 0.8360 TH.42] 2B Mean 0,898]) 76,38
Std EBrr. p.1158 0.4915 0.1169 0.248% 0.0776 0.212% 0.0675 0.2465
Btd Dav. 0.66 Z2.69 0.64 1.36 D-dll 1.17 0.37 1.3%




San Juan River Fish Health Assessment
March 2001

Adult - Site 1

Adult = Site 2

Juvenile - Site 1

Percent Huscle Lipid and Moisture

Juvenile - Site 2

Specimen| Percent | Percent | Specimen| Percent | Percent | Specimen| Percent | Percent | Specimen| Percent Percent
I.0. Lipid Holsture 1.D. Lipid Molsture 1.D. Lipad Moisture I.D. Lipid Hoisture
1a061 1.1082 75.02 2p0%91 0.2127 79,23 18091 0.4608 76.63 28051 0.6535 76.590
1a092 0.1994 B6.5%9 2R092 0.7507 75.18 18092 0.6333 75.52 28092 0.5%88 T7.95
1A093 0.5785 T6.68 2A003 0.4155 79.71 18093 0.6243 76,86 28053 0.8211 T8.00
1a054 0.4845% 77.96 2R094 0.5455 T7.22 18054 0.5543 75.31 2054 0.8815 T6.77
LAODSS 0.3296 75 .80 2h095 1.0055 74.95 18095 0.3225 76.61 2B095 0.6273 TB8.41
1A096 0.7075 76.09 2098 0.2548 75 .58 18094 0.7958 77 .78 ZBO5E 1.B864 T6.81
1A097 0.8342 T5.13 ZA087 1.0808 76.95 1B087 2B097 0.5581 TE.E8
1A0SE 0.4802 75.00 2nh054 2.2899 T4.52 1B0948 0.3598 T6.62 ZBO98 0.6898 T6.23
LADDS 0.6974 T6.71 ZA099 0.4800 T7.32 180945 2R08% 1.1911 T3 .82
1A100 0.3899 TE.07 2100 0.18532 75.14 ipiod 0. 5066 T6.83 28100 1.20581 Tr.42
1Aa101 0.3275 T6.57 2A101 0.2668 T8.19 1B10l 0.4528 77.80 28101 0.4169 77 .59
1alD2 0.971% T6.64 2A102 0.559%5 76.14 18102 0.B102 T4 .65 2B102 0.B8285 75.81
1A103 0.4338 74.73 2R103 0.0563 78 .65 18103 1.6454 T5.60 2B103 0.8780 75.561
1AL04 0.7302 75.13 2r104 1.0711 T74.85 18104 1.1287 17.52 28104 0.6801 T6.73
1A105 0.3384 74.88 2A10% 1.3025 74.58 18105 0.4303 T8 .68 2B105 0.5546 TE.12
1Al06G 0.2226 BD.62 2106 0.6335 77.75 18106 0.2462 T7.81 28106 0.9304 78.18
1A107 0.6010 T5.51 2A107 0, 467T6 75,459 18107 1.2798 75.73 28107 0.4585 77.61
1Al108 0.7279 77.87 ZA108 0.1933 Bl.03 2ZB108 0.5503 77.13
1A1D9 0.3923 75.30 2A108 0D.6189 75.53 2B10% 0.3245 T78.28
1AL110 0.6292 T75.93 2A110 0.5023 T6.789 28110 0.57%5% T7.30
1Alll 0,.8629 75 .43 2A111 0.8007 T7.38 28111 0.7256 TE.29
1A112 0.78598 75.24 ZRl112 0.60740 Td.B9 28112 0.4624 TH.43
1A113 0.3988 T7 .65 2A111 0.7835 73.91 28113 0.600% T7.865
1All4 0.21386 T8.63 2Rl1l4 1.5748 73.63 2B114 0.4407 77.12
1A115 1.0077 75.08 2A115 0.9320 75.40 2B11% 0.8285 78.11
1All6 0.3277 76.78 2All6E 0.5152 15.32 28116 1.4833 76.5%9
1A117 1.3850 T4.48 2A117 0.5041 T5.70 28117 L.2147 T9.0%
1AllE 0.5767 T8.43 2AllH 0.6883 T4.50 28118 0.6967 77.78
1AL1LlG 0.8E877 75.68 241179 0.5161 75.87
1A120 0.161%9 TT. 49 ZAL120 2.3787 T4.11
1A Mean 0.5952 TEH.65] IR Maan 0.7526 T6.45| 1B Mean| 0.85853 76.67| 2B Maan 0.7796 77.30
std. Exx 0.0548 0.4278 0.1004 0.3616 0.0973 0.2844 0.0662 0.1562
Std Dew. 0.30 2.34 .55 1.598 0.39% 1.14 0.35 0.83




San Juan River Fish Health Aszessment

Percent Muscle Lipid and Moisture

August 2001
Adult - Bite 1 Adult - Bite 2 Juvenile - Site 1 Juvenile - Site 2
Specimen| Percent | Percentc | Specimen | Percent | Percent | Specimen| Percent | Percent | Specimen| Percent | Percent
I.D. Lipid |Molsture I.D. Lipid |Moisture 1.0, Lipid | HMoisture I1.D. Lipid Moisture
12121 2._785% 73.61 2R121 6.26316 B5.5% 18121 O.B480 T6.17 28121 1.0642 TB.46
1Al122 1.6934 T6.58 2A122 1.1338 75.77 18122 0.5228 B5.36 28122 1.8884 75.26
1A123 1.7628 T4.48 2Al122 1.8000 75.70 18123 28123 2.9277 77.65
13124 1.1967 74.11 2A124 0.93&68 75.87 1B124 1.6524 78.13 28124 0.3450 B3.92
1ailz25 2.3%48 73.59 2A125 2.1534 BZ2.91 1B125 0.8l88 T5.886 28123 0.9617 T8.5%7
1al26 3.37EL 17.70 ZR126 1.3598 74.13 1E128 1.1528 7B.33 23126 2.7310 77.37
1A127 1.8422 74.24 2R127 1.4906 T6.17 1B127 1.0560 77.41 28127 1.0656 76.52
LAlZE 1.7195 74.26 2A128 2.4916 73,80 18128 0.9908 79,33 2B128 1.2B61 78.99
1A125 1.1692 75.09 2A129 1.064%9 76.51 1812% 0.8151 B3.25 2\129 1. 8902 77.85
1A130 0.8472 T6.16 28130 0.9164 T4.51 18130 1.,2706 76,65 28130 1.5013 T8.35
1A13] 1.3115 T3.96 2A131 a.7684 15.76 18131 0.9040 78,38 28131 1. 0676 78.12
1Al32 1.3544 75.53 2A133 1.29213 B4.TH 18132 1.0372 77.37 28132 0.9640 86.03
1a133 1.2640 Ti.84 2A133 1.2760 76.10 185133 1.3674 78 .28 23133 1.4513 77.48
1a134 0.4427 77.25 2a134 1.0680 TT.7T6 185134 1.3854 77.99 2E134 2.3414 77 .56
14135 2.5571 73.71 2All5 Z. 0057 T7.43 18135 0.5460 .71 28135 1.B138 T77.17
1a1316 2.4311 TO.43 2a136 1.3980 T7.089 18136 1.52048 TE.O06 28136 0.6729 TB.E9
LALIT 2.2333 T4.98 2A137 0.9878 BT .87 18137 Z.2546 76.25 28117 1.7683 T6.73
1AL1H 0.9050 TE.40 ZR13H 0.6359 TH.16 18138 0.5547 T8.53 £B138 1.7235 T6.65
1A133 4.4047 12.96 2A13%3 1.7415 75.32 18133 1.1183 78.18 281319 0.83%65 BG.08
1A140 0.BE0D 77.15 2A140 1.0483 75.77 18140 1.5461 T6.49 28140 0.99313 B5.67
1a141 3.1205 74.11 2Al141 2.4633 75.84 18141 1.5072 77.34 28141 1.1825 T77.21
1al4z2 D.4234 T3.6E 2Aal4q2 .2839 BZ.20 1Bl142 1.1463 T6.36 28142 0.53a5 TE._31
1al43 1.1581 75.96 2R143 3.3142 74.532 18143 2.3791 77.20 28143 1.5328 T6 .01
1al44 1.3665 T4.38 2r144 0.3546 B3.63 18144 1.3067 79.33 28144 1.40486 T6.12
1A145 0.675%0 Tr.51 2a14% 1.3879 75.56 18145 1.5336 TT.35 ZB145 0.6879 Bd.37
1al4e 0.22213 TE.66 2Al146 3.6343 76.7T0 18146 1.2992 78.32 28146 2.25%21 T75.94
1A147 0.6166 T3.72 2A147 2.6902 76.21 18147 1.9943 T6.26 2B147 2.3970 TE5.213
1A148 0.5326 B3.87 2A148 8.3720 79.27 18148 1.5010 77.06 28148 1.1537 75.51
1A149 1.4805 75.60 ZA14D 1.1662 76.55 1814% 1.15%5%6 78.45 2B14% 2.6647 75.25
1150 1.3761 67.29 28150 2.5753 74.79 1B150 0.97%6& 78.51 28150 1.3578 78.90
— -
1A Haan 1.4845 T73.04] 3A Hean 1.3712 77.75| 1B Hean 1.28439 FE.08| 2B Mean 1.50587 TE.57
Btd Err 0.1712 0.503% 0.1421 0.6793 0.0485%7 0.3637 0.1184 D.5916
Std Dav. 0.594 2.76 — 0.78 3.72 0,46 1.99 0.65 3.24
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