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This study was undertaken to quantitatively evaluate the

relationship between silvering of the skin of juvenile coho

salmon, due to the deposition of the purines guanine and

hypoxanthine, and adaptation to seawater. It was hypothesized

that maximum purine deposition occurs at the time these fish

normally enter seawater, that the retention of accumulated skin

purines is dependent on seawater entry and that the quantity of

purines stored in the skin is greatest in fish transferred to

seawater at or near the normal migratory period. To test these

hypotheses, four groups of fish were transferred to seawater at

monthly intervals and sampled for skin purines from February

through June. Fish held in freshwater served as controls.

Skin purine concentration was determined by enzyme assays.

Guanine deposition in the skin of fish held in freshwater

until April reached a maximum on April 19. Guanine in all



treatment fish declined sharply in mid-May. Guanine in the skin

of fish transferred to seawater during the course of the experi-

ments increased again by mid-June; no such increase occurred in

fish held in freshwater beyond May 17. Hypoxanthine levels were

much lower than guanine levels in all treatment groups and fluc-

tuated only slightly from February through June. Skin guanine

and hypoxanthine levels at the end of June were significantly

higher in fish transferred to seawater in April and May than in

freshwater controls. Coefficients of condition of fish in all

treatment groups decreased from February through June, but were

significantly lower in fish transferred to seawater in February

and March than in freshwater controls at the end of June.

Percent mortality of treatment groups transferred to seawater

decreased as the time of transfer approached June. A bio-

chemical role for purines during seaward migration and adapta-

tion to seawater is suggested. It is concluded that the

physiological changes associated with parr-smolt transformation,

seaward migration and seawater entry are interdependent

processes and that the deposition or re-utilization of skin

purines may play a vital role in their successful completion.
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PURINE DEPOSITION IN THE SKIN OF

JUVENILE COHO SALMON, ONCORHYNCHUS KISUTCH

I. INTRODUCTION

Anadromous salmonids of the genera Salmo and Oncorhynchus

undergo an array of physiological, morphological and behavioral

changes, collectively known as parr-smolt transformation, prior

to and during their seaward migration (Hoar, 1976). During

their early life in freshwater, the juveniles, known as "parr"

are characterized by the dark coloration and the vertical bars

of melanophores on their sides. After 1 to 2 years in fresh-

water, parr undergo developmental changes associated with

seaward migration which transform them into slender, silvery

"smolts" capable of adapting to the physiological and ecological

constraints imposed by the ocean environment that is to become

their habitat. These complex and interrelated changes have

been the subject of numerous investigations that have been

recently reviewed (Folmar and Dickhoff, 1980; Wedemeyer et al.,

1980). The current literature emphasizes the importance of

releasing these species from hatcheries near this critical time

to ensure safe and unobstructed passage down the rivers and to

enhance their success for growth and survival in the sea.

In coho salmon, Oncorhynchus kisutch, the parr-smolt

transformation normally takes place during the spring of their

second year in freshwater. Among the physiological changes
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which occur at this time are reductions in liver glycogen and

lipids, depletion of total body lipids (Woo et al., 1978),

increases in endocrine activity of the thyroid, pituitary and

interrenal glands (McLeay, 1975; Nagahama et al., 1977; Dickhoff

et al., 1978; Leatherland, 1982; Specker, 1982) and increases in

sodium-potassium-activated adenosine triphosphatase (Nate-

ATPase) activity in the gill (Zaugg and McLain, 1970, 1972;

Giles and Vanstone, 1976; Boeuf et al., 1978; Lasserre et al.,

1978).

One of the most apparent physiological changes initiated

during parr-smolt transformation of coho is the characteristic

silvering of the skin due to the deposition of the crystalline

purines, guanine and hypoxanthine (Markert and Vanstone, 1966;

Nicol and Van Baalen, 1968; Lee et al., 1969). These purines

are also known to occur in the silvery integuments of other

salmonid species, notably, Salmo gairdneri (Robertson, 1949;

Premdas and Eales, 1976a), S. salar (Svard, 1958; Johnston and

Eales, 1967), S. irideus (Matty and Sheltaway, 1967),

Oncorhynchus masou (Hayashi, 1970) and Salvelinus fontinalis

(Chua and Eales, 1971; Premdas and Eales, 1976a). It has

become customary among many researchers in salmonid biology to

recognize this silvering of the skin as a visible criterion by

which smolt status in juvenile anadromous salmonids is assessed.

The characteristic silver coloration of smolts is normally

maintained throughout the oceanic phase of the salmon life
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cycle. However, a gradual loss of silver coloration has been

observed in Salmo gairdneri (Zaugg and McClain, 1972) and coho

salmon smolts denied access to seawater, a phenomenon referred

to as desmoltification (Folmar et al., 1982). These fish may

undergo parr-smolt transformation again the following year. If

coho salmon juveniles are transferred to seawater prematurely,

before the transition from parr to smolt has been completed, or

if smolts are unable to maintain a critical size upon entering

seawater after the summer solstice (Mahnken et al., 1982), they

eventually lose any silver coloration they may have attained and

regain completely the dark color and bars of melanophores

characteristic of parr (Folmar et al., 1982). Finally, premature

transfer to seawater of underyearling parr may preclude silvering

of the skin altogether (Clarke and Nagahama, 1977).

The fate of fish encountering such situations is often death.

The loss or lack of silver coloration is usually accompanied by

reduced growth rates, abnormal metabolism and/or decreased

capacity for survival in seawater (Mahnken, 1973; Clarke and

Nagahama, 1977; Woo et al., 1978; Fryer and Bern, 1979;

Mahnken and Waknitz, 1979; Folmar and Dickhoff, 1980, 1981).

In all of the studies cited, the degree of silver color-

ation was determined subjectively by the respective investi-

gators. The quantitative relationship between skin purine

deposition in coho salmon during parr-smolt transformation

and adaptation to seawater has yet to be defined. The purpose



of this study was therefore to quantitatively evaluate this

relationship by testing the following hypotheses:

1. Maximum purine deposition in the skin of coho salmon is

attained at the time they normally enter seawater.

2. The retention of accumulated skin purines is dependent on

seawater entry.

3. The quantity of purines deposited in the skin is maximal

in juvenile coho salmon transferred to seawater during the normal

migratory period.



II. MATERIALS AND METHODS

1. Rearing of Juvenile Coho Salmon

Juvenile Columbia River coho salmon (Big Creek stock) were

brought to the Corvallis Research Laboratory (Corvallis, Oregon)

as eyed eggs, sterilized in active iodine (Wescodyne) and reared

in Heath-Techna incubators at 10°C. Upon absorption of their

yolk sacs, fry were transferred outdoors to 1150-liter circular

tanks supplied with running well-water. Fish were fed Oregon

Moist Pellets (OMP) at approximately 2% body weight per day.

For experimental purposes, fish were sorted by fork length

and placed in 100-liter circular tanks supplied with static

well-water at 10° + 1°C and aerated with compressed air. Fish

density was held at approximately 30 grams body weight per liter

of water. Fish less than 10 centimeters (cm) in length were

not used in the experiments in order to minimize bias in the

resultant data due to size-dependent mortality from osmoregula-

tory failure upon seawater transfer and/or failure to undergo

parr-smolt transformation. Artificial (fluorescent) lighting

was controlled by a Sangano astral timer to simulate natural

photoperiods. Tank water was replaced daily to minimize build-

up of metabolic waste products and bacterial growth. Fish were

fed OMP once a week, at approximately 2% body weight. Deaths

due to causes other than sampling were tabulated daily to allow

estimation of percent mortality of the various treatment

groups during the course of the experiments.
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2. Determination of Skin Purines in Juvenile Coho Salmon

The experiments were performed from late December until the

end of June to encompass the period preceding and following

parr-smolt transformation and seaward migration of juvenile coho

salmon (Lorz and McPherson, 1976; Ewing, unpublished data). All

treatment groups were subjected to the environmental conditions

described in the previous section. Control fish were maintained

in freshwater for the entire experimental period to determine

the time course and degree of skin purine deposition during

freshwater residence.

To determine the effects of transfer to seawater at different

times during the pre-migratory through migratory period, four

groups of fish were placed in 30 o/oo seawater (obtained from

Depoe Bay, Oregon and diluted with well-water to desired

salinity) at monthly intervals from Februarry 22 to May 17, and

maintained at that salinity for the duration of the experiment.

The number of fish in each group transferred to seawater (240,

225, 150, and 150, respectively) varied according to the re-

quired number of samples to be taken from the date of transfer

until the end of the experimental period. Fish were sampled at

monthly intervals in December, January, February and May, and

bi-monthly in March, April and June (Table 1). On each sample

date, a random sample of 12 + 3 fish per group was taken. Fish

were killed by a sharp blow to the head and their wet-weight and

fork length measured. Fish were then placed on enamel trays and



Table 1. Dates for sampling juvenile coho salmon to determine the effects of transfer from
freshwater (FW) to seawater (SW) at different times on skin purine deposition

(o = sampled in FW; x = sampled in SW).

Transfer Date
Period

Represented 12/27 1/25

FW f

2/22

iSW
3/08

Sample Date
3/22 4/05 4/19 5/17 5/31 6/14 6/28

February 22 Pre-migratory o x x x x x x x x

March 22 Pre-migratory 0 0 0 x x x x x x

April 19 Early-migratory 0 0 0 0 0 x x x x

May 17 Peak-migratory 0 0 0 0 0 0 x x x

Freshwater o o o o o o o o o o o
(CONTROL)
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frozen at -25°C for 2 hours. A section of skin was removed from

each fish by making a superficial, rectangular incision ex-

tending from the base of the operculum to the base of the pelvic

fin, and ventral to the lateral line, as shown in Figure 1.

Each section of excised skin was weighed and then steeped in 1 N

hydrochloric acid (HC1) for 48 hours to extract the crystalline

purines. Extracts were then centrifuged at 10,000 x g for 15

minutes and the supernatants were diluted with 0.2 M Tris

(hydroxymethyl)aminomethane (Tris) buffer, pH 8.1, and utilized

for assay.

Quantitative determination of integumental guanine and

hypoxanthine was made by enzyme assay utilizing the method of

Nicol and Van Baalen (1968) after Shuster (1955). These assays

utilize the enzymes guanase and xanthine oxidase to convert

guanine and hypoxanthine to uric acid as follows:

xanthine oxidase
(1) hypoxanthine uric acid

guanase xanthine oxidase

(2) guanine xanthine uric acid

Guanine has absorption peaks at 243 and 272 nanometers (nm),

xanthine at 238 and 273 nm, hypoxanthine at 247 nm and uric

acid at 233 and 290 nm. By measuring the increase in absorbance

at 290 nm of the above reaction products (uric acid) of known

amounts of hypoxanthine and guanine substrate it was possible

to estimate the amounts of these purines present in the unknown

samples.
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Figure 1. Sketch of juvenile coho salmon showing
rectangular skin section removed for extraction of
purines. The upper incision line (A-B) was approx-
imately 2 scale widths below the lateral line; C
was dorsal to the insertion of the pectoral fin and
D was dorsal to the anterior base of the pelvic fin
(after Markert and Vanstone, 1966).
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All assay reagents were obtained from Sigma Chemical

Company, St. Louis. Xanthine oxidase and guanase were diluted

with cold 0.2 M Tris buffer, pH 8.1, to yield a final concen-

tration of 0.030 and 0.007 units/assay tube, respectively.

Standard curves were prepared from concentrated stock solutions

of guanine (Gn) and hypoxanthine (Hx) dissolved in concentrated

HC1. Prior to assay, each stock solution was brought to pH 8.1

by addition of sodium hydroxide and dilutions with Tris buffer,

pH 8.1, were made to yield final concentrations of 0.625, 1.25,

2.50, 5.00 and 10.00 micrograms hypoxanthine/milliliter (ug /ml)

and 1.25, 2.50, 5.00, 10.00 and 20.00 ug guanine/ml. The

standard curves obtained with these concentrations of purines

were linear and accommodated the ranges of skin hypoxanthine and

guanine concentrations demonstrated in coho salmon during pre-

liminary investigations.

The reaction mixture for the hypoxanthine assay contained

2 mis of diluted extract (dilution factor = 200) or standard and

0.03 units of xanthine oxidase. This mixture was allowed to

incubate at room temperature (200 ± 2°C) for at least 30 minutes.

The reaction mixture for assay of guanine contained 2 mis of

diluted skin extract or guanine standard, 0.03 units of xanthine

oxidase and 0.007 units of guanase. This mixture was incubated

for at least one hour.

Upon completion of the reactions, an aliquot of each reaction

mixture was placed in a quartz cuvette and the absorbance (ABS)



at 290 nm determined with a Bausch and Lomb Spectronic 700

spectrophotometer. In addition, the absorbance at 290 nm was

determined for each "unknown" sample without added enzymes to

serve as a "blank" (BL). This value was subtracted from the

absorbance value obtained by the hypoxanthine assay to eliminate

background absorbance.

Calculation of hypoxanthine concentrations from absorbance

values were made as follows:

A = pg Hx/assay tube = (ABSHx - ABSBL) (slope
Hx standard)

(2 ml).

B = pg Hx extracted from skin = (A) (dilution factor of 200).

C = mg Hx/gram of tissue = B/weight of tissue.

Calculation of guanine concentrations from absorbance

values were made as follows:

A = ug Gn/assay tube = EABSGn - (ABSHx- ABSBL)

(slope
Gn standard) ( 2 ml)].

B = pg Gn extracted from skin = (A) (dilution factor of 200).

C = mg Gn/gram of tissue = B/weight of tissue.

Final guanine and hypoxanthine values were expressed in

milligrams of purine per gram of excised tissue (mg/g).

Coefficients of condition (KFL) were calculated for all
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fish sampled as follows:

KFL = weight/length3 x 100

The data are presented as means + standard error of the

mean (SEM). Guanine, hypoxanthine and KFL data were analyzed

using the regression approach to analysis of variance (ANOVA)

to accommodate unequal sample sizes (Snedecor and Cochran, 1980).

ANOVA was performed on data obtained from all treatment groups

on the final three sample dates to determine the effects of

different seawater transfer times on the final (1)skin guanine

concentrations, (2)skin hypoxanthine concentrations and (3)

coefficients of condition demonstrated by experimental fish at

or near the close of the known migratory period. If ANOVA in-

dicated a significant difference among treatment means, these

differences were assessed using the Bonferroni multiple

comparisons test (Neter and Wasserman, 1974) at the 95% level

of confidence.
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III. RESULTS

1. Characterization of Enzyme Assay Procedure

Although skin purines of fishes have been previously

measured utilizing enzyme assays (Nicol and Van Baalen, 1958),

the methods were not characterized. In order to be certain of

accurate and specific measurements of skin guanine and hypo-

xanthine during the course of the experiments, the kinetics of

the enzyme assays were first determined.

Reaction time for the conversion of 20 pg guanine to uric

acid at 5°C is shown in Figure 2. The increase in absorbance

at 290 nm was linear for 180 minutes after addition of xanthine

oxidase and guanase to the substrate. After that time, absor-

bance levelled off and remained constant for 2 hours. Diluted

enzymes kept in an ice bath for 3 hours prior to use gave

essentially the same results.

When different concentrations of purine substrate (hypo-

xanthine or guanine standards) were assayed, the reaction times

for conversion of substrate to product increased linearly with

increasing concentrations of standard (Figures 3 and 4).

Maximal absorbance at 290 nm for all concentrations of purine

substrate remained stable for at least 2 hours (Figures 3 and 4).

Maximal absorbance at 290 nm for hypoxanthine standards was

higher than maximal absorbance of corresponding concentrations

of guanine standards (Figure 5).

To determine the effects of freezing fish prior to skin
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Figure 2. Reaction time (minutes incubation time)
for the conversion of 20 lig guanine to uric acid
by xanthine oxidase and guanase, at 50 C
enzymes diluted immediately prior to assay; o---o,
enzymes diluted 3 hours prior to assay).
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removal, extractions of skin purines from fish frozen at -25°C

for 2 hours were compared with extractions of skin excised from

unfrozen fish. Skin samples from unfrozen fish weighed about

3 times those of fish frozen prior to excision, apparently due

to added muscle tissue adhering to the skin. However, skin

samples of fish frozen prior to excision yielded weight-specific

guanine and hypoxanthine values approximately 3 times higher than

those of unfrozen fish (Table 2). Differences in purine levels

between frozen and unfrozen fish were thus attributed to the

differences in weights of the excised skin samples.

The efficiency of the extraction procedure was evaluated by

repeatedly extracting the same skin samples and assaying for

skin purines after each extraction. No guanine or hypoxanthine

was detected in any of the extracts except those of the initial

extraction.

Percent recovery of purines during the extraction and

dilution procedure was assessed by adding one microcurie of

14-Carbon guanine (New England Nuclear, Boston) to the ex-

traction solvent (HC1) prior to the addition of excised skin

samples. Skin samples were extracted, centrifuged and diluted

with Tris buffer, pH 8.1, as described previously. An aliquot

of the diluted extract was placed in a scintillation vial and

the radioactivity counted. The average recovery of 14-C

guanine from 12 extracts was 90.5% + 2.8%.

Stability of extract supernatants upon freezing was
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Table 2. Mean weight (mg) and purine concentration (mg/g tissue)
of skin samples of juvenile coho salmpn excised prior to freezing
and after freezing for 2 hours at -25'0.

skin sample Guanine Hypoxanthine
weight (mg) (mg/g tissue) (mg/g tissue)

skin excised from
unfrozen fish 108.40

skin excised from
frozen fish 37.80

12.46 3.92

37.81 9.93
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determined by assaying samples immediately after extraction and

dilution, and after freezing extract supernatants at -25°C for

two and five days. Slight losses in guanine and substantial

losses in hypoxanthine were detectable in the frozen extracts

(Table 3), possibly as a result of re-crystallization of the

purines. It was concluded that freezing sample extracts before

assay would lead to questionable values of skin guanine and

hypoxanthine; therefore, all samples were assayed immediately

after the extraction procedure was completed.

In order to determine that the purines extracted from the

skin were indeed guanine and hypoxanthine, qualitative identi-

fication of the extract product was made by thin-layer

chromatography, utilizing the method of Premdas and Eales

(1976a). Two to five pl of extracted skin samples were spotted

on Eastman 6065 cellulose thin-layer sheets with fluorescent

indicator. In addition, similar volumes of five-millimolar

standards were spotted on the same thin-layer sheets: guanine,

hypoxanthine, xanthine, adenine, guanosine 5'-monophosphate,

inosine 5'-monophosphate and uric acid. Ascending chromatograms

were developed for 2 hours at room temperature, using a solvent

system of n-propano1:1% ammonia (2:1, volume:volume). The

chromatograms were then air dried and the separated spots were

observed under ultraviolet light. Spots of the unknowns (skin

extracts) separated into two intense spots corresponding to the

migration of the guanine and hypoxanthine standards and one very



22

Table 3. Purine concentration (mg/g of tissue, mean + SEM)
of skin extracts assayed immediately after extraction ( +0),

after freezing extracts for 2 days At -25 C (+2) and after
freezing extracts for 5 days at -25 C (+5).

Guanine Hypoxanthine

Days (mg/g of tissue) (mg/g of tissue)

+ 0 37.80 + 4.30 9.93 + 0.76

+ 2 36.33 + 4,08 6.49 + 1.16

+ 5 33.86 + 4.68 5.93 + 0.74
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faint spot corresponding to the migration of the adenine

standard (Figure 6).

2. Purine Deposition During Freshwater Residence

The time course and degree of integumental purine deposi-

tion during the pre-migratory through migratory phase of

juvenile coho salmon was determined. Fish held in freshwater

were sampled monthly in December, January, February and May,

and bi-monthly in March, April and June. Wet-weight and fork

length were measured in all fish sampled, and the coefficient

of condition was determined, as previously noted.

Integumental guanine concentration increased from 24.39

mg/gram of tissue in late January to 38.20 mg/gram of tissue

on April 19. Values then decreased to levels intermediate to

those demonstrated during the previous winter months (Figure 7).

These results are summarized in Table 4.

Hypoxanthine levels in the skin of these fish showed no

seasonal changes during the experimental period (Figure 7),

although fluctuations in mean values were significant (F=2.33 >

= 1.90). Mean hypoxanthine values are givenF
0.05(10, 117)

in Table 4.

Coefficient of condition decreased throughout the

experimental period, ranging from 1.116 in late December to

0.865 at the end of June (Table 4). Weekly mortality was
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Figure 6. Thin-layer chromatogram of skin extracts of
juvenile coho salmon (S1, S2, S3, S4) and 5 millimolar
standards (Gn=Guanine, Hx=Hypoxanthine, X=Xanthine,
A=Adenine, GMP=Guanosine 5'-monophosphate, IMP=Inosine-
5'-monophosphate, UA=Uric acid).
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Table 4. Changes in wet-weight(g), fork length(cm), coefficient of condition and skin purine
concentration(mg/g tissue) of juvenile coho salmon held in freshwater (all values
expressed as mean ±SEM).

Sample
Date Wet-weight(g) Fork length(cm) Coefficient of Condition

Guanine Hypoxanthine
(mg/g tissue) (mg/g tissue)

12/27/81 16.10±2.05 11.06±.49 1.116±.020 24.39±2.19 6.18±0.58

1/25/82 18.40±2.53 11.65±.55 1.094±.014 19.02±1.58 4.81±0.70

2/22/82 17.83 ±1.74 11.64 ±.36 1.086 ±.018 25.96 ±1.92 8.60 ±0.52

3/08/82 19.72±1.78 12.31±.36 1.014 ±.017 31.08 ±1.60 7.45 ±0.84

3/22/82 18.09±1.93 11.90±.42 1.019 ±.014 37.01 ±3.06 9.98 ±1.22

4/05/82 17.38 ±1.88 11.80±.44 1.019±.012 38.47±2.83 6.64 ±1.05

4/19/82 17.59±2.15 11.92±.52 0.985±.011 38.16±2.59 7.67 ±0.80

5/17/82 18.00±2.38 12.18±.52 0.943±.013 29.81±5.61 6.37±2.05

5/31/82 17.74±2.99 12.21±.65 0.894±.022 30.87 ±3.84 5.71 ±0.78

6/14/82 21.69±1.98 13.31±.47 0.897±.022 25.66±2.40 6.67±0.80

6/28/82 20.88 ±2.59 13.24±.45 0.865 ±.027 29.97 ±2.60 9.32 ±1.02
1.)

-4
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negligible (<1.0%) throughout the experimental period, until

late April/early May, when these fish began to suffer a

relatively high mortality which peaked on April 26 (Figure 8).

3. Effects of Seawater and Time of Transfer to Seawater on

Purine Deposition

To determine the effects of time of transfer to seawater on

purine deposition in the skin of coho salmon, groups of fish were

placed in seawater at each of four dates (February 22, March 22,

April 19 and May 17). Fish maintained in freshwater served as

controls. All five treatment groups were sampled at bi-monthly

intervals (monthly in May) and weight, fork length, coefficient

of condition and skin purine concentrations were determined for

each fish sampled, as previously described.

There were no significant differences in fork lengths

among treatment groups by analysis of variance (F = 0.56<

F
0.01 (4,51)

4.14).

Data from the last three sample dates of all treatment

groups was statistically analyzed to determine the effects of

different seawater transfer times on final (1) skin guanine

concentration, (2) skin hypoxanthine concentration and (3)

coefficients of condition demonstrated near the end of the

migratory period of juvenile coho salmon. Two-factor analysis

of variance indicated no significant interactions between these

particular sample dates (May 31, June 14, and June 28) and time
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Figure 8. Weekly percent mortality of juvenile coho

salmon maintained in freshwater from December through

June.
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of transfer to seawater on guanine concentration or coefficient

of condition. Guanine data as well as coefficient of condition

data from all three sample dates were thus pooled, respectively,

within each treatment group. For hypoxanthine concentrations,

significant interactions between the three sample dates and time

of transfer were detected (F =3.45> F0.01
(8,155)=

2.62), and

therefore data from the three sample dates for each treatment

group were not pooled. For all treatment groups the effect of

time of transfer to seawater on guanine concentration during the

last month of the experimental period was significant (F=3.47>

F
0.01 (4,165)

=2.40 as was its effect on hypoxanthine concentra-

tion (F=7.20) and on coefficient of condition (F=30.65).

The five treatment groups demonstrated interesting differences

in skin purine deposition:

Seawater Transfer-1. Guanine levels of fish transferred to sea-

water on February 22 followed a pattern similar to that of

freshwater fish during the winter and early spring sample dates

(Figure 9). These levels increased from 25.9 mg/gram of tissue

at the time of transfer to 35.3 mg/gram of tissue on April 5.

Guanine levels then decreased in mid-May to 21.4 mg/g tissue.

Unlike freshwater control fish, this transfer group showed a

second increase in guanine concentration in late May which con-

tinued until the end of June, when a maximum value of 35.6 mg/gram

of tissue was attained. Comparison of mean guanine levels at

the last three sample dates with those of freshwater control fish

revealed no significant difference between guanine levels
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Figure 9. Changes in skin purine concentration (mg/g tissue) of
juvenile coho salmon transferred to 30 o/oo seawater on February
22 (as indicated by arrow) and maintained at that salinity until co

,--,

the end of June (each point represents mean + SEM).
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attained by these two treatment groups.

Hypoxanthine levels of this group fluctuated only slightly

from the time of transfer until the end of May. At that time

levels fell from 7.7 mg/gram of tissue to 4.1 mg/gram of tissue.

Values increased on June 14 to 9.5 mg/gram of tissue (Figure 9).

Mean hypoxanthine values at each of the last three sample dates

were compared with the corresponding values of freshwater fish

and no significant difference in hypoxanthine concentration be-

tween these two groups was detected.

Coefficients of condition for fish transferred to seawater on

February 19 decreased more than in any of the other treatment

groups during the course of the experiments (Table 5). These fish

had significantly lower coefficients of condition at the end of

the experimental period than freshwater control fish.

Percent mortality of fish in this treatment group increased

slightly the first week after transfer to seawater, and then

remained relatively low until May when the greatest percent mor-

tality occurred (Figure 10). However, the maximum percent mortality

for this group (3,3%) was considerably lower than that of

freshwater controls (8.2%).

Seawater Transfer-2. Guanine levels in the skin of fish trans-

ferred to seawater on March 22 underwent a gradual decline from

37.0 mg/gram of tissue at the time of transfer to 29.5 mg/gram

of tissue on May 31. Values then increased to a maximum of

35.9 mg/gram of tissue on June 14, and dropped only slightly



Table 5. Changes in coefficient of condition (mean ± SEM) of juvenile coho salmon held in freshwater

(FW) and transferred to seawater (SW) in February, March, April or May.

SAMPLE DATEFW >SW

TRANSFER DATE 2/22 3/08 3/22 4/05 4/19 5/17 5/31 6/14 6/28

February 22 1.086 1.014 0.924 0.937 0.874 0.816 0.745 0.740 0.673

±.018 ±.017 ±.017 ±.021 ±.020 ±.017 ±.016 ±.020 ±.023

March 22 1.086 1.048 1.019 0.993 0.964 0.846 0.789 0.759 0.736

±.018 ±.013 ±.014 ±.035 ±.017 ±.025 ±.025 ±.021 ±.017

April 19 1.086 1.048 1.019 1.019 0.985 0.909 0.836 0.810 0.783

±.018 ±.013 ±.014 ±.012 ±.011 ±.018 ±.017 ±.023 ±.022

May 17 1.086 1.048 1.019 1.019 0.985 0.943 0.949 0.852 0.825

±.018 ±.013 ±.014 ±.012 ±.011 ±.013 ±.015 ±.020 ±.019

FRESHWATER 1.086 1.048 1.019 1.019 0.985 0.943 0.894 0.897 0.865

CONTROL ±.018 ±.013 ±.014 ±.012 ±.011 ±.013 ±.022 ±.022 ±.027
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February 22 (as indicated by arrow) and maintained
at that salinity until the end of June.
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at the end of June (Figure 11). There was no significant

difference between guanine values of fish transferred to

seawater in March and freshwater controls at the close of the

experiments. The mean guanine values were also not significantly

different from those of fish transferred in February. Skin

hypoxanthine concentration of this transfer group followed a

pattern similar to that of guanine (Figure 11). Values dropped

from 9.9 mg/gram of tissue at the time of transfer to 7.1 mg/gram

of tissue on April 5. Hypoxanthine levels fluctuated only slight-

ly from April 5 until June 14, when a peak of 12 mg/gram of

tissue was attained. Hypoxanthine values at this time were

significantly higher than those of the freshwater control fish.

Comparison of means of this transfer group with other seawater

transfer groups, on the other hand, indicated no significant

differences between them on any of the last three sample dates.

Coefficients of condition of fish in this transfer group

declined from 1.02 at the time of transfer to 0.74 at the end

of June when the experiments were terminated (Table 5).

Comparison of the means of the last three sample dates of this

group with those of all other treatment groups showed there

were no significant differences between coefficients of

condition of this transfer group and any other seawater trans-

fer group. However, coefficients of condition of this transfer

group were significantly lower than those of freshwater controls

during the last three sample dates.
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37

Fish in this treatment group suffered relatively high per-

cent mortality immediately after transfer to seawater, reaching

8.3% by the third day after the transfer was made (Figure 12).

Thereafter, mortality declined and remained relatively low

until June, when another small increase in percent mortality

occurred.

Seawater Transfer-3. Guanine levels in the skin of fish trans-

ferred to seawater on April 19 dropped from 38.5 mg/gram of

tissue at the time of transfer to 29.5 mg/gram of tissue on

May 31. Guanine levels increased again in mid-June and reached

a peak of 42.5 mg/gram of tissue on June 28, the maximum

value attained by any of the treatment groups (Figure 13).

Guanine levels were significantly higher in this transfer

group at the close of the experiment than in freshwater controls.

Fish in this transfer group demonstrated a gradual increase

in skin hypoxanthine from 6.6 mg/gram of tissue at the time of

transfer to a maximum of 11.1 mg/gram of tissue on June 14

(Figure 13). This mean value was significantly higher than

that of freshwater control fish on the same date.

Coefficient of condition of these fish did not decline as

much as previous transfer groups, ranging from a pre-transfer

value of 0.98 to 0.78 at the close of the experiment. Fish

from this transfer group maintained significantly higher

coefficients of condition than those of fish transferred to
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Figure 12. Weekly percent mortality of juvenile
coho salmon transferred to 30 o/oo seawater on
March 22 (as indicated by arrow) and maintained
at that salinity until the end of June.
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arrow) and maintained at that salinity until the end of June (each point
represents mean + SEM).
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seawater in February. There were no significant differences

between coefficients of condition in this group and that of the

remaining treatment groups for the last three sample points.

Mortality of this treatment group increased from 0.1% to

2.5% five days after transfer and then declined again until the

second week in June, when mortality reached 1.4% (Figure 14).

Seawater Transfer-4. Guanine in the skin of fish transferred to

seawater on May 17 increased from 29.8 mg/gram of tissue at

the time of seawater transfer to 39.7 mg/gram of tissue at

the end of June (Figure 15). Mean guanine values for these

fish were significantly higher than those of freshwater controls

at the end of the experimental period, but did not differ

significantly from mean guanine levels of other transfer groups

at the end of the experiment.

Hypoxanthine levels for this transfer group increased from

6.4 mg/gram of tissue at the time of transfer to a maximum value

of 13.9 mg/gram of tissue on June 14 (Figure 15). This value

was significantly higher than that of freshwater control fish

on the same date. Hypoxanthine values attained on this day and

on May 31 were significantly higher than those of fish from

the group transferred to seawater on February 22.

Coefficient of condition for this transfer group decreased
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Figure 14. Weekly percent mortality of juvenile coho
salmon transferred to 30 o/oo seawater on April 19
(as indicated by arrow) and maintained at that salinity

until the end of June.
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juvenile coho salmon transferred to 30 o/oo seawater on May 17 (as
indicated by arrow) and maintained at that salinity until the end
of June (each point represents mean + SEM).
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from 0.95 on May 31 to 0.83 at the close of the experiment

(Table 5). Mean coefficients of condition for this group were

significantly higher than those of fish transferred to seawater

in February. Differences in mean coefficients of condition of

these fish and those in the other 3 treatment groups were

insignificant.

Mortality after transfer to seawater in this treatment group

was less than 0.1% for the duration of the experiment.

In summary, the important observations apparent from these

results are, notably, (1) guanine deposition in the skin of

juvenile coho salmon held in freshwater reaches a maximum in

April, (2) the deposition of hypoxanthine is considerably less

than that of guanine and does not change seasonally, (3) skin

guanine concentration decreases sharply in mid-May, (4) guanine

deposition in the skin increases again by mid-June if fish are

transferred to seawater, (5) transfer to seawater at dates closer

to the normal migration time results in higher concentration of

skin hypoxanthine and guanine at the end of June, (6) co-

efficient of condition decreases from February to June, and

(7) mortalities of experimental fish transferred to seawater at

various times decrease as the time of seawater transfer approaches

June.
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IV. DISCUSSION

Parr-smolt transformation has customarily been assessed and

defined on the basis of the increase in silver coloration that

occurs during this phase of the lifecycle of anadromous sal-

monids. Enhanced accumulation of purines in the skin is thought

to offer adaptive advantages during oceanic life. Silvering of

the skin increases its reflectivity, offering better concealment

from predators under the conditions of underwater illumination

which exist in the estuarine and oceanic environments (Denton

and Nicol, 1965). Recent investigations have also shown guanine

deposition to increase in the swimbladder wall of American eels,

Anguilla rostrata, during their migratory phase (Kleckner, 1980).

This reduces the permeability of the swimbladder and effectively

minimizes oxygen loss with the increasing depths encountered

during migration to the sea. The increase in buoyancy offered

by enhanced purine deposition in the wall of the swimbladder

of juvenile salmonids may be adaptive as well, although this has

not been investigated; however, an increase in buoyancy during

the parr-smolt transformation of Atlantic salmon, Salmo salar,

has been reported (Pinder and Eales, 1969).

The apparent mutable quality of integumental silvering in

juvenile salmonids has recently led many investigators to

question its role in the smolting process. Decreases in silver

coloration occur concomitant with early entry into seawater and/

or metabolic disorders in certain juvenile anadromous salmonids
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(Johnston and Eales, 1968; Zaugg and McClain, 1972; Clarke and

Nagahama, 1977; Woo et al., 1978; Mahnken and Waknitz, 1979;

Folmar et al., 1982; Mahnken et al., 1982). Furthermore,

initiation of silvering in steelhead trout (Ewing et al., in

press) and Atlantic salmon (Koch, 1968) occurs earlier than

migration tendency. Quantitative data from the experiments de-

scribed here with coho salmon offer additional evidence to

support these contentions.

Guanine in the skin of yearling coho salmon held in fresh-

water throughout the experimental period increased steadily

from late January until the latter part of April, the period

of time encompassing the pre-migratory through early migratory

stage of the coho lifecycle (Figure 16). Guanine levels in

this treatment group then declined throughout the remainder of

the experimental period. Skin hypoxanthine levels were consider-

ably lower than guanine levels and fluctuated only slightly

throughout the experimental period, suggesting a subordinate

role for this purine in the silvering process. These results

confirm the loss in skin purines reported in Atlantic salmon

maintained in freshwater beyond the time of seaward migration

(Johnston and Eales, 1968). The data also provide a quantitative

determination of the gradual loss of silver coloration in

juvenile coho salmon detained in freshwater after parr-smolt

transformation, as reported by previous investigators (Zaugg

and McClain, 1972; Woo et al., 1978; Mahnken and Waknitz, 1979;



46

Mahnken et al., 1982).

An interesting aspect of the present study is that the time

of maximal purine deposition of juvenile coho salmon occurs

before the time of peak seaward migration of this species (Table

6) as well as prior to the time of maximum survival after trans-

fer to seawater (Figure 17). This confirms the relationship

between visual observations of silvering and migration ten-

dency of Steelhead trout described by Ewing et al., (1983).

These results do not support, however, the hypothesis that

maximum purine deposition is attained at the time coho salmon

normally enter seawater, as proposed at the beginning of this

study.

Although a decline in guanine levels was expected in fish

maintained in freshwater beyond the migratory period, its

occurrence in fish transferred to seawater was unforeseen.

Curiously, the fall in guanine levels demonstrated by fish in

all treatment groups occurred near the time of documented peak

seaward migration of juvenile coho salmon (Table 6), as shown in

Figures 16 and 18. Minimal skin guanine levels in all fish at or

near the time of maximum seaward migration of wild juvenile coho

salmon in nature suggests a biochemical role for stored purines

in the energetics of migration and, possibly, osmoregulation.

A peak in corticosteriod levels has also been reported in

juvenile coho salmon during this time, which may result in

mobilization of energy reserves, increased catabolism of



47

Figure 16. Changes in skin guanine concentration (mg/g
of skin) of juvenile coho salmon held in freshwater

and transferred to seawater on February 19
(0---0) and on March 22 (o---o).
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Table 6. Dates of peak seaward migration of juvenile coho
salmon from various coastal waters of the Pacific Northwest.

Year Location
Date of Peak Julian

ReferenceMigration Day

1965 Triangle Lake 4/27 118 Saltzman, unpublished

1966 Triangle Lake 5/04 125 u

1968 Trinity River 5/07 128 Healey, unpublished

1970 Crooked Creek 5/22 143 Ewing et al., unpublished

1972 Lynn Creek 5/25 146 Mason, 1975

1973 Floras Lake 5/18 139 Hostich and McGie,
unpublished

1975 Crooked Creek 5/02 123 Ewing et al., unpublished

1976 Crooked Creek 5/22 143
1,

1977 Crooked Creek 5/03 124
II

1979 Crooked Creek 5/23 144

1979 Coquille River 4/29 121 Nicholas, unpublished

Mean=5/10 Mean=131
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proteins and increased gluconeogenesis (Specker, 1982; Specker

and Schreck, 1982). However, more recent studies have shown a

peak in corticosteriod levels in July, after the time coho

salmon normally migrate to the sea (R. Patino, personal

communication). Although purines are certainly end-products

of catabolic processes, their immediate re-utilization via

salvage pathways for synthesis of energy-rich nucleotides and

vital metabolic intermediates may, at least temporarily, halt

further storage of these compounds in the skin. This transient

but substantial drain in the purine reservoirs demonstrated in

these coho salmon may actually indicate the mobilization of

energy reserves and physiological preparation to face the

energetic challenge of seaward migration and osmoregulation.

Both fish maintained in freshwater and those transferred to

seawater during the course of these experiments underwent a

decline in guanine levels during May. However, this decline

in stored purines was only temporary in fish transferred to

seawater during the course of the experiment and relatively

sustained in fish held in freshwater. This suggests that the

net retention of accumulated skin purines is dependent on

seawater entry.

Fish transferred to seawater in February and March demon-

strated, respectively, a 36% and 33% increase in skin guanine

levels from February to June and percent increases in skin
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hypoxanthine levels of 5 and 18 (Figure 19). Although both of

these treatment groups were transferred to seawater before the

beginning of the migratory period, a substantial net gain in

skin purines had occurred by the end of the experimental

period. However, maximal guanine levels and percent increase

in guanine of these treatment groups were lower than in fish

transferred to seawater in April and May. This suggests that

transfer of juveniles to seawater prior to the time they nor-

mally migrate results in a depression of the maximal levels of

guanine attainable. Fish in the April and May transfer groups

entered seawater at or near the normal migratory period and

acquired guanine and hypoxanthine levels at the close of the

experimental period that exceeded the levels attained in late

April. These two treatment groups demonstrated the highest

levels of guanine attained by any of the treatment groups

(Figure 18). These fish also showed the greatest percent in-

crease in guanine levels over the experimental period and

the May transfer group exhibited the greatest percent increase

in hypoxanthine levels of all treatment groups (Figure 19).

These results support the hypothesis that the quantity of purines

deposited in the skin is maximal in juvenile coho salmon trans-

ferred to seawater during the normal migratory period.

Other characteristics related to parr-smolt transformation

were assessed briefly during the experiments. Coefficients

of condition of fish held in freshwater throughout the



54

Figure 19. Percent increase in skin purine concentration
(= 1 - mean June purine concentration / mean February

purine concentration X 100) of juvenile coho salmon
held in freshwater (FRESHWATER CONTROL) or transferred to
seawater in February, March, April or May (hatched bars =
hypoxanthine, solid bars = guanine).
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experimental period declined gradually from February through

June, confirming the observations made by previous investigators

on juvenile steelhead trout (Wagner, 1974), Atlantic salmon

(Saunders and Henderson, 1970; Komourdijian et al., 1976),

and coho salmon (Birks et al., manuscript) undergoing parr-smolt

transformation. Coefficients of condition of fish transferred

to seawater in February and March were significantly lower

than those of freshwater control fish during the last month of

the experiment. Coefficients of condition of the February

transfer group during this time were also significantly lower

than those of treatment groups transferred to seawater in April

and May. Although fish transferred in March also had lower

coefficients of condition than the April and May transfer

groups, the differences were not statistically significant.

These relatively low coefficients of condition of fish trans-

ferred prematurely to seawater indicate pronounced abnormal

growth. Fish in this treatment group and, to a lesser degree,

those transferred to seawater in March ate very little after

seawater transfer. Similar feeding behavior and impaired growth

in juvenile coho salmon transferred prematurely to seawater has

been reported previously (Clarke and Nagahama, 1977).

Survival of fish upon transfer to seawater has been sug-

gested as an indicator of smolt transformation in anadromous

salmonids (Komourdjian et al., 1976; Clarke and Blackburn, 1977,

1978; Saunders and Henderson, 1978). Complicating circumstances
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during the present study hindered assessment of smolt status in

treatment fish utilizing survival in seawater as an indicator.

Freshwater control fish suffered a substantial increase in

percent mortality from late April until early May. Those fish

that died during this period had chocolate brown blood, a

clinical symptom of acute nitrite toxicity in coho salmon

(R. Holt, personal communication) and rainbow trout (Smith and

Williams, 1974). Analysis of the water in all the experimental

tanks, both freshwater and seawater, indicated cyclic changes in

the amounts of ammonia after water replacement (Table 7).

The subsequent bacterial oxidation of ammonia to nitrites was

apparently the cause of death of these freshwater control fish.

No comparable mortality was demonstrated in any of the

seawater transfer groups at this time. The salinity of the

seawater was apparently sufficient to limit or inhibit growth

of nitrifying bacteria. Fish transferred to seawater on April

19 did suffer 2.5% mortality during the first four days in

seawater. Visual examination of the blood of dead fish in this

treatment group was made and the color appeared normal. This

slight rise in mortality was therefore attributed to osmo-

regulatory failure upon transfer to seawater rather than to

acute nitrite toxicity. Survival of juveniles after transfer

to seawater was lowest in the February transfer group and max-

imum in fish transferred in May (Figure 17), indicating the

latter treatment group had successfully completed parr-smolt



Table 7. Changes in ambient ammonia levels (mg/1) of experimental tanks (FW = freshwater,
SW = seawater) immediately after water replacement (+0) and 24 hours after water replace-
ment (+24) on May 1-2, 1982.

Experimental
Tank

Ammonia (mg/1)
+0 +24

1 (SW) 1.25 3.78

5 (SW) .31 1.22

9 (SW) .63 3.84

10 (SW) 1.25 2.58

18 (SW) 1.25 3.07

19 (SW) .31 1.79

20 (SW) .40 1.04

21 (SW) .31 1.59

22 (SW) 1.25 2.53

23 (SW) 1.25 1.22

12 (FW) .31 1.38

13 (FW) .02 1.35

14 (FW) .31 1.32

16 (FW) .13 1.30
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transformation, while the former group had not.

Inhibition of guanine deposition in the skin of freshwater

control fish by high ambient nitrite concentration may have

occurred. This seems unlikely in that guanine levels fell in

seawater transfer fish as well and these fish did not demonstrate

symptoms of nitrite toxicity. However, the ammonia (NH3) levels

in seawater tanks during this time could have led to decreased

guanine concentration in the skin of fish transferred to seawater.

The effects of nitrites and NH
3
on purine deposition are not

presently known. The mechanism of ammonia toxicity in vertebrates

includes alteration of enzyme catalysis, impairment of oxidative

metabolism and lowered cell membrane stability (Campbell, 1973).

If skin purines are indeed involved in biochemical processes,

the impairment of such processes may affect purine deposition

as well. Thus, determination of the effects of NH3 and nitrites

on purine deposition is necessary before the results of these

experiments can be unequivocally assessed.

Fish in treatment groups transferred to seawater in February,

April and May demonstrated a drop in guanine levels in mid-May

comparable to that of freshwater control fish. Guanine levels in

fish transferred to seawater in March began to decline immediately

after the transfer was made. The fate of crystalline purines

"lost" from the skin of coho salmon held in freshwater beyond

the time of seaward migration has not been investigated. However,

the re-utilization of stored guanine and hypoxanthine in anabolic
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processes to restore tissue reserves depleted during parr-smolt

transformation could account for such a reduction in skin purines,

as demonstrated by fish in this treatment group. Furthermore, a

reversal of osmoregulatory mechanisms to accommodate a fresh-

water existence, such as decreased Na+-e-ATPase activity in the

gill and increased glomerular filtration rate (GFR) may diminish

the energy demand on the organism and allow for the excretion of

excess purines which are likely to be maladaptive in the stream

environment if maintained in the skin.

Factors that influence the accumulation of purines in the

skin of salmonids are complex and varied among species. Studies

on Atlantic salmon have shown silvering of the skin to be related

to size (Elson, 1957; Johnston and Eales, 1970) as well as water

temperature (Johnston and Eales, 1968). Other investigators

have demonstrated that thyroxine (T4) enhances the deposition of

purines in the skin of Salmo gairdneri (Robertson, 1949; Matty

and Sheltaway, 1967), Salmo trutta (Massey and Smith, 1968) and

Salvelinus fontinalis (Chua and Eales, 1971). Thyroid stimulating

hormone has also been shown to increase integumental purines

in rainbow trout (Premdas and Eales, 1976b).

A surge in plasma T4 is known to occur in coho salmon in

April (Dickhoff et al., 1978, 1982; Grau et al., 1981, 1982;

Birks et al., manuscript). The proximity of this spring

thyroxine surge with the peak in guanine levels demonstrated in
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the experiments described here implicates a possible relationship

between these two physiological events (Figure 20).

Storage of purines in the skin may provide a reservoir of

guanine and hypoxanthine to be re-utilized for synthesis of

nucleotides and nucleic acids during times of increased growth

following parr-smolt transformation. The presence of such

purine re-utilization pathways is well established in vertebrates

(Lehninger, 1975). In mammalian cells, the mobilization of

these purines is via the action of the enzyme hypoxanthine-

guanine phosphoribosyltransferase, or HPRT (Murray, et al., 1970).

The presence of this enzyme in the gill extracts of rainbow

trout, Salmo gairdneri, has been demonstrated (Leray et al.,

1970) suggesting purine salvage pathways are indeed utilized by

salmonids.

The source of these stored purines probably stems from an

increase in catabolic processes which is believed to occur in

coho salmon during the period of parr-smolt transformation.

It has been demonstrated that serum protein, glucose and fat

levels, as well as total fat levels of muscle and liver are

significantly lower in freshwater smolts than parrs (Woo et al.,

1978). The purines guanine and, to a lesser extent, hypoxanthine

are products of catabolism and therefore must be excreted or

stored in the tissues. Excretion of these purines may be

minimal due to a rapid decline in GFR thought to occur in

salmonids at the time of parr-smolt transformation, although the
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Figure 20. Comparison of the percent survival
upon transfer to 35 o/oo seawater (111----111),

changes in plasma thyroxine (T4, ng/m1;0---013)
(after Birks et al., manuscript) and changes in
skin guanine concentration (mg/g skin; o---o)
of juvenile coho salmon held in freshwater (arrow

represents average date of peak seaward migration).
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data which supports this is based on rather crude measurements

(Holmes and Stainer, 1966). The vital role of purines as precursors

of nucleic acid, nucleotide and coenzyme synthesis strongly sug-

gests their accumulation and storage in the skin is a physiological

adaptation ensuring an adequate supply of raw materials to be

re-utilized at times of increased metabolic demand.



65

V. SUMMARY

The primary objective of this study was to evaluate quan-

titatively the relationship between purine deposition in the

skin of coho salmon during parr-smolt transformation and adap-

tation to seawater. In addition, three other parameters related

to parr-smolt transformation, namely, fork length, coefficient

of condition and percent mortality upon transfer to seawater,

were assessed. Lastly, characterization of the enzyme assays

utilized to determine skin purine concentrations was made in

order to determine their precision and accuracy.

Optimal measurements of skin purines were accomplished when

skin samples were excised from frozen fish and assayed immediate-

ly after the extraction process was completed. Reactions of

enzymes and purine substrates went to completion after incubation

at room temperature for 30 minutes (xanthine oxidase + hypo-

xanthine) and 60 minutes (guanase + xanthine oxidase + guanine),

and the reaction products were stable for at least 2 hours.

Thin-layer chromatography of skin extracts revealed that guanine

and hypoxanthine were the only purines present in measureable

quantities.

The hypotheses tested during the course of this study were

1) maximum purine deposition in the skin of juvenile coho salmon

is attained at the time they normally enter seawater, 2) the

retention of purines accumulated during parr-smolt transformation

is dependent on seawater entry and 3) the quantity of purines
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deposited in the skin is maximal in juveniles transferred to

seawater during the normal migratory period. The experiments

revealed that a substantially greater amount of guanine is

deposited in the skin than hypoxanthine. Skin guanine con-

centration of fish held in freshwater reached a maximum on April

19. A substantial drop in skin guanine levels in fish held in

freshwater and fish transferred to seawater occurred in mid-May,

near the time of peak seaward migration of coho salmon. These

results indicate that maximum purine deposition in the skin of

juvenile coho salmon is attained prior to seaward migration and

not at the time they normally enter seawater as hypothesized.

Guanine levels in the skin increased again by mid-June in fish

transferred to seawater during the course of the experiments,

but not in fish held in freshwater. This suggests that a net

retention of skin purines accumulated during parr-smolt trans-

formation will occur if the juvenile fish enter seawater.

Skin purine levels at the end of June were significantly

higher in fish transferred to seawater in April and May than in

freshwater controls. April and May transfer groups also demon-

strated the greatest percent increase in purine levels during

the experimental period of all treatment groups. In addition,

fish in these two transfer groups attained the highest skin

purine levels demonstrated by any of the treatment groups at the

end of June. This supports the final hypothesis and indicates

that time of seawater entry is important to the final silvering
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process of juvenile coho salmon.

There were no significant differences in fork lengths among

treatment groups throughout the experimental period. Coefficients

of condition decreased in all fish from February through June,

but were significantly lower in fish transferred to seawater in

February and March than in freshwater controls. Mortality

during the experimental period was lowest in fish maintained in

freshwater until May 17 and then transferred to seawater, and

highest in fish maintained in freshwater throughout the experimental

period.

The results of these experiments implicate an important

role for purines deposited in the skin during parr-smolt trans-

formation of coho salmon. Research directed towards the

identification, characterization and quantification of the

enzyme hypoxanthine-guanine phosphoribosyltransferase (HPRT)

in the skin of coho salmon would elucidate the role of purines

and purine salvage pathways in the energetics of migration.

Additional research is also needed to assess the relation-

ship between skin purine deposition, corticosteriods, thyroid

hormones and gill Na+-e-ATPase. This would help to clarify

the possible inter-dependence of events which span parr-smolt

transformation, seaward migration and seawater entry phases of

the coho life cycle. Quantification of skin guanine levels

may provide yet another index by which the physiological state

of juvenile coho salmon may be evaluated by fishery managers.
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Measurement of skin purines could thus be utilized in conjunction

with plasma T4, gill NatK +-ATPase, fork length and coefficient

of condition measurements to optimize release time of the young

migrants, enhancing their chances for adequate growth and survival

in the sea.
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