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ABSTRACT

In rainbow trout (Salmo gairdneri Richardson) which
had been acclimatized to the experimental salinity and
temperature for at least 14 days, food intake was maximal
in the intermediate salinities of 1.0 and 28.0 p.p.t.
(parts per thousand), less in fre.h water and 7.5 p.p-t.
and minimal, by a statistically significant margin, Iin
32.5 p.p-t. sea water. There were marked day-to-day
fluctuations in food intake.

Upon abrupt salinity increases of 7-5 cr 13-0 p.p-t.,
there were decreases in growth rate which were related to
decreases in food intake. Recovery of food intake and
growth rate to pre-increase levels was complete within
14 days.

Absorption efficiency, in terms of total dry matter,
total energy, and total nitrogen, was negatively related to
salinity. Total nitrogen was absorbed considerably more
efficiently than either energy or dry matter.

Conversion efficiency (K" .rod KM) was estimated, also
in terms of dry matter,energy ana nitrogen, in trout of the
0+ and 1+ year-groups weighing from 50 to 150 g. Between
0.0 and 28.0 p.p.t., there was little effect of salinity on
conversion efficiency. Between 28.0 and 32.5 p.p-t.,
however, there was a significant decline in food conversion
efficiency. The salinity:conversion efficiency relation-
ship was not significantly influenced by fish weight in the
range studied. Dry matter and energy conversion were sig-

nificantly lower than nitrogen conversion efficiency.



Neither food intake nor conversion efficiency was
s’gnificantly affected by dietary sodium chloride
fimplements of up to 8.5% of the total ration.

Over the range of rations from 4% to 38% of dry
=ecight per week, there was a rectilinear relationship
V tween ration and weight increase (% increase in dry
weight per week). From this relationship can be
estimated the weight maintenance requirement, and the rate
£ weight loss during fasting. In the same experiment,
conversion efficiency (K increased from 0.00 at 4% dry
-cight per week (weight maintenance) to 0.19 at 38%,
according to the equation = 0.2115 -~ -

Live weight loss between days 7 and 48 of fasting

ould be described by a straignt line. Trout maintained
in 32.5 p.p.t. sea water showed a significantly greater
weight loss than those in salinities of up to 15.0 p.p.t.

In the liver and white epaxial muscle, n-hexane-
extracted lipids fell significantly during fasting. |In the
white muscle, there was a corresponding slight increase in
water content (except in 32.5 p.p.t. sea water). The
volume of the gall bladder contents increased during fasting

In the alimentary canal with its associated adipose
deposits, there was a /ery highly significant correlation
between extracted lipid and water content.

There was a negative relationship between salinity
and the density of distribution of mucus cells in the
intestinal and rectal epithelia of acclimatized trout.

The luminal cross-sectional area of the intestine and rectum



and the height of the intestinal villi tended to increase
with salinity. The alimentary canal showed no evidence
of histological degeneration after 48 days of fasting in

various salinities.
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1. INTRODUCTION

The rainbow trout, Salmo gairdneri Richardson, is
indigenous to the waters of western North America. Since
1874, its range has been extended by man to all continents
except Antarctica (MacCrimmon 1971). One of the earliest
introductions - in 1885 - was to the hatchery at Howietoun,
Stirling, from which the trout for the present study were
obtained

The farming of rainbow trout has now attained a
certain economic importance in several parts of the world,
especially in North America, Europe and Japan. According
to MacCrimmon (op-cit.) the species "offers an unrealized
potential on all continents if warranted by a protein and
market demand.® The potential of the species as a source
of protein is, however, limited by its requirement, as a
carnivore, for a diet containing a high level of Ffirst-class
protein. In the more affluent countries, however, there
is undoubtedly a potential, if not already an existing,
market demand for rainbow trout both as a dietary luxury
and for the stocking of game-fishing waters.

Salmo gairdneri has both migratory (anadromous) and
non-migratory races, the former being known as the steelhead
trout. In Europe, at least, the non-migratory type is more
commonly produced by fish farms. Both forms are euryhaline,
i.e. both are able to tolerate a certain range of environ-
mental salinities, which tends to become broader as the fish

increases in size (Busnel and Drilhon, 1944; Parry, 1958,



1960; Jensen, 1966; Conte and Wagner, 1965). The
euryhalinity of the species has been exploited in a number
of mariculture units, notably in Norway and Denmark but
also in Scotland (Jensen, 1966; Sedgwick, 1970).

Jensen (1966) cites temperature as the main moti-
vation behind the seawater culture of rainbow trout in
Norway - Even in southern Norway, river temperatures are
so low that the effective growing season for rainbow trout
is restricted to the period between May and mid-October.

In western and northern Norway, he stated, the mean sea
temperature is higher than the mean river temperature through-
out the year. The optimum temperature for rainbow trout
growth is 12°C (Atherton and Aitken, 1970) and the preferred
temperature (determined by behavioural experiments) is
13.0-13.6°C (Garside and Tait, 1956). Below about 5°C,
feeding and growth rates approach zero. Further reasons
for the unsuitability of Norwegian rivers for fish culture -
e.g- steep gradients and rapid fluctuations in level - are
mentioned by Sedgwick (197C), who also stated that some
diseases of rainbow trout are less prevalent in sea water
and that "the fish are said to make a better conversion or
utilization of given quantities of food in salt water than
in fresh water."

The topographical and climatic aspects of the
problem of rearing rainbow trout in river water in Norway,
and the advantages of rearing them in sea water, have been
recognized as having features in common with the situation

in certain parts of Scotland. It was noted that the



commonly-held belief given expression by Sedgwick (1970)
that rainbow trout “grow better® iIn sea water had no
sound empirical basis and it was therefore decided to
determine experimentally (1) whether growth in Salmo
gairdneri is affected by salinity and (2), if growth is
affected, does the effect occur at the level of (a) food
intake or (b) food conversion efficiency. Further
physiological and histological studies were designed and
carried out to contribute to an understanding of any
observed influence, at either of these two levels (a and b)
of salinity on growth.

The appetite of a fish (also called"voluntary food
intake®, Lepkovsky, 1948; Brett, 1971) can be defined as
food intake during a unit of time when food supply is not
limiting. Appetite has, in the past, been measured under
two categories of feeding rlgime, restricted and unrestricted
rations. A restricted ration regime typically involves
feeding the fish to satiation over a pre-determined limited
period of time and then removing the remaining food.
Pandian (1967) fed Ophiocephalus striatus and Megalops
cyprinoides with an excess of live prawns (Metapenaeus
monoceros) over a period of 10 minutes, after which uneaten
prawns were removed and weighed. An unrestricted regime is
typified by the procedure of Brown (1946b), who fed brown
trout (Salmo trutta) six days weekly on a slight excess of
minced meat and liver, removing residual food three times
weekly, so that there was effectively always an available
surplus of food.

It is assumed in the present study that restricted



food intake provides a valid measure of appetite. The
results of Kinne (1960) suggest that restricted food intake
is proportional to unrestricted food intake. Relatively
little work has been done on the effects of salinity on
appetite (Kinne, 1960; Nelson, 1968; Vallet et al., 1970;
Otto, 1971; Peters and Boyd, 1972).

In this study, the term absorption efficiency is
used in the same sense as that used by Gerking (1952):
""Absorption efficiency” is equivalent to the term
"coefficient of digestibility™ which is commonly used in
standard physiology and nutrition work. Coefficient of
digestibility is objected to on the grounds that it is
always expressed in per cent (not a coefficient) and that
digestion does not always necessarily result in absorption.™

The same working definition was quoted by Pandian
(1967a). Absorption efficiency was calculated in the
present study by the formula p = —j—, where 1 is food intake
or ingestion and E is faecal output or egestion. To
facilitate the use of the value p in later conversion
efficiency calculations it was expressed as a fraction of
unity rather than as a percentage. Absorption efficiency
was calculated in terms of total nitrogen as well as energy
and total dry matter.

Only one paper (Brocksen and Cole, 1972) has been
noted which deals with the effect of salinity on absorption
efficiency in fishes, and this one paper quotes an unusually
low figure for energy absorption efficiency (72.0%), even

at the optimum salinity.



Winberg (1956) cites three orders of conversion
efficiency used by lIvlev (1945):
K~ = the relationship between the total energy content of
food and the energy equivalent of gain in weight.
K2 = the relationship between the T"physiologically useful”
energy of the food and the energy equivalent of gain in
weight.
= the relationship between growth and that part of the
physiologically useful energy which remains after deducting
what is required for T“internal and external work®.
Following the notation used by Winberg, 1956,

Ivlev, 1961, and Paloheimo and Dickie (1965, 1966a, 1966b),

KI  “ RaT
AW
K2 pRAL
AW
K3 PRAT
weight
R is rate of feeding
t is time
T is total metabolic rate
p is a correction factor which converts consumed

rations to absorbed or assimilated rations,
is equivalent to the total efficiency of Warren
and Davis (1967) and the gross efficiency of most other
workers.
K2 is equivalent to the net efficiency of Pandian
0.967a) and Kelso (1972)and the gross efficiency of Brown
(1946b, 1946c, 1957).



is equivalent to the partial growth efficiency
of Warren and Davis (1967) and the net efficiency of
Brown (1946b, 1946c, 1957), Brett et al. (1969) and Brett
(1971b).
Following Kleiber (1961), Warren and Davis (1967)
quoted yet another measure of efficiency, partial maintenance

efficiency:

where Lp = tissue loss prevented

Ip part of ration preventing loss.

This expression quantifies the efficiency with which
an animal utilises rations at or below the maintenance
level to maintain its tissues or to prevent them from being
catabolized. It seems to have found little, if any,
application in fish growth studies.

In K*, T can be considered equivalent to the
maintenance requirement. Brown (1946b) defines maintenance
requirement as the amount of food which must be eaten by
the animal to prevent loss of weight. Dawes (1930-1931)
and Pentelow (1939 ) employ a similar definition: the
energy equivalent of average rations consumed per unit
time during a prolonged period of no growth. Smith (1963)
defines it as the rate of depletion of stored material
during a period of starvation. Brett et al. (1969) have
shown that, where stable growth rates have been established,
the maintenance requirement can be interpolated from the
curve of growth rate against ration level.

The maintenance requirement concept is problematical.



Brown (1946b) has indicated that maintenance requirement
shows adaptation to a decrease in food consumption.
Paloheimo and Dickie (1966a) reported that the level of
metabolism falls from “active®™ to "standard®™ with an
alteration of ration from excess to maintenance. Brown
(957) recorded that, on a restricted diet, values for net
efficiency of more than 100% were obtained in her brown trout
growth experiments (Brown, 1946a,b,c).

This seems likely to have been a consequence of
difficulties in obtaining a valid estimate of maintenance
requirement. Perhaps because of these difficulties,
has been infrequently employed. The maintenance require-
ment interpolation method of Brett et al. (1969) may provide
the most acceptable estimate, and these workers used this
method to calculate K/.

Kj and K2 have been employed more frequently than K,
but K2 has seldom been calculated exactly according to the
definition of Ivlev (1945) because of the technical diffi-
culty of estimating the amount of energy dissipated in the
form of nitrogenous excretory matter. Davies (1963, 1964),
working with Carassius auratus. determined the total energy
lost in excretion and defaecation by evaporating to dryness
the entire contents of experimental aquaria and determining
the calorific value of the residue. A larger number of
workers have calculated K2 with a correction for faecal
matter alone (e.g. Brown, 1946b,c; Pandian, 1967a,b,c;
Kelso, 1972). According to Winberg (1956) this does not
introduce a large error, as faecal matter accounts for 97%

of non-assimilated food energy.



Kp K2 and K~ have all been expressed, by various
workers, in terms of weight, protein and energy.-
Efficiency measurements will differ according to the basis
of calculation (Winberg, 1956). The degree of discrepancy
between weight, protein and energy conversion efficiencies
will vary with the difference between the composition of
food and fish.

Many workers, including Dawes (1930), Pentelow (1939),
Brown (1946b,c), Kinne (1960, 1962), Johnson (1966), Otto
(1971), Brett (1971b) and Peters and Boyd (1972) have calculated
conversion efficiency on the basis of weight. Fewer,
including Kelso (1972) have used energy conversion Ffigures.
Gerking (1952, 1954, 1955) measured nitrogen conversion
efficiency. Pandian (1967a,b,c) took account of food
both as an energy source and as a raw material by calculating
both energy and nitrogen conversion efficiencies.

Conversion efficiency has often been employed as
an indicator of the effect of external and internal factors
on the bio-energetic physiology of fishes. A change in
metabolic rate is assumed to be reflected in an increase or
a decrease of food conversion efficiency. The greater the
proportion of absorbed food necessary for other processes,
the smaller is the proportion available for storage as
growth. Kinne (1962) stated that conversion efficiency was
a very sensitive indicator of the effect of salinity on
the metabolism of Cyprinodon macularius. especially in the
jJuvenile fish, before the situation becomes complicated by

the synthesis of reproductive material.



A small number of workers have studied the effects
of salinity on conversion efficiency in fishes (Kinne, 1960,
1962; Vallet et al., 1970; Otto, 1971; Brocksen and
Cole, 1972; Peters and Boyd, 1972). A few others have
recorded the effect of salinity on growth, which allows
us - as long as food intake is also noted - to make an
inference about conversion efficiency (Gibson and Hirst,
1955; Canagaratram, 1959,1966; Chervinski, 1961).

The validity of studying food intake and conversion
efficiency concurrently depends - in the type of experimental
design employed in this study - on defining whether there
is an interaction between these two variables. Paloheimo
and Dickie (1966b), after re-analyzing the data of several
earlier workers, concluded that there was an inverse
relationship between ration level and conversion efficiency.
Several more recent workers have not been in agreement with
this conclusion (Pandian, 1967c; Brett et al., 1969; Brett,
1971; Gerking, 1971; Kelso, 1972; Pandian and
Raghumuraman, 1972).

Study of the depletion of energy reserves during
starvation can be used to supplement information obtained
by the study of conversion efficiency. Energy loss during
starvation can be assumed to be related to the amount of
food energy used iIn processes other than growth in the
feeding animal. It is therefore inversely related to
conversion efficiency. Peters and Boyd (1972) found that
the rate of weight loss in the hogchoker, Trinectes maculatus,
was related to salinity in a comparable but inverse fashion

to conversion efficiency. In the present study, the effect
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of salinity on weight loss was studied, and the lipid and
water contents of certain tissues were monitored
simultaneously as indicators of the depletion of energy
reserves during starvation. Love (1970) stated that
"while a steady depletion of lipid characterizes sub-
sistence without food in almost all cases, the lipid content
cannot necessarily be taken as a reliable index of
nutritional status.” This is true of fish caught in the
wild, but with fish of the same age, physiological
condition and previous nutritional history kept in
controlled conditions in the aquarium, lipid content is
more likely to provide a reasonable comparative index of
the rate of utilization of stored reserves.

As well as weight and some aspects of chemical
composition, the effect of starvation on the weight:length
relationship was quantified in terms of the condition
factor, calculated by the formula of Brown (1957), which
is the one generally used for salmonids.

rv. 100w
CP-agr

where W = wt in g

and L = length in cm (fork length).

Western (1969, 1971) has compared
the structure of the gut in the marine teleost Enophrys
bubalis and the closely-related freshwater species Cottus
gobio. In a comparison of this sort, where genotype,

type of food and amount of food all differ, it is difficult



to draw any conclusions as to the effect of salinity,
per se, on gut histology. A more useful approach seems
to be to examine the gut of a euryhaline species adapted
to different salinities but otherwise maintained under
identical conditions. Virabhadrachari (1961) studied the
effects of salinity on the gut (together with other organs
implicated in osmoregulation) of individuals of the
euryhaline species Etroplus maculatus acclimatised to
fresh water, sea water and intermediate saline concentrations.
The subject of the present study, Salmo gairdneri, is
also a euryhaline freshwater fish. The histology and gross
anatomy of the gut of this species has been described by
Weinreb and Bilstad (1955). The intestine has been
studied at the electron microscope level by Yamamoto (1966).
Those aspects of the histological structure of the alimentary
canal of the rainbow trout which are particularly relevant
to the present study are illustrated in Plate 1.
Observations have been made, in the present work, on
the influence of starvation, as well as salinity, on the
gut of the rainbow trout to determine whether there is any
interaction between the effects of salinity and starvation.
The consequences of the spawning migration in anadromous
salmonids include both starvation and changes in salinity.
The effects cfthe spawning migration have been described by
Gulland (1898), Greene (1919, 1926) and Robertson et al.
(1961). But, as Robertson et al. (1961, 1963) have
demonstrated, important hormonal changes also take place
during this part of the life-cycle; the present study can-
not claim to simulate the salinity change and starvation

effects of the spawning migration.
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2. MATERIALS AND METHODS

2.1. Stock maintenance

In October to December of the years 1970, 1971 and
1972, a stock of 150-200 O+ year-group rainbow trout
Salmo gairdneri Richardson was obtained from Howietoun
and Northern Fisheries, Bannockburn, Stirling. These
trout had a mean length of about 14.0 cm and a mean weight
of about 40.0 g- When required, replacement stock of the
same year-group and size were obtainable, throughout the
year, from the same hatchery.

The stock Fish were maintained in running copper-free
mains fresh water (i.e. water drawn off iron mains in
plastic piping) in a cylindrical glass-reinforced plastic
(G.R.P.) tank, containing a volume of approximately 2000 1
(diam. 185 cm x depth 75 cm). They were fed at a ration
level (approximately 109 per week on a dry weight basis)
which was sufficient to maintain a slow, stable growth rate.
In order to monitor growth rate, samples of 20 trout were
weighed monthly and the ration level was adjusted when
necessary. There was an annual temperature variation in
the stock tank of between about 4°C and about 15-5°C.

The diet consisted of Beta Floating Trout Pellets,
supplied by Cooper Nutrition Products Ltd., Witham, Essex,

who specified the following crude analysis:



13

%

protein 37.0
oil 4.0
ash 11.5
fibre 5.0
moisture 10.0
carbohydrate (by difference) 32.5

For experimental work, exact analyses were carried out
of certain components of the specific batches of pellets used

The ingredients include: fish meal, shrimp meal, liver
meal, meat meal, unextracted dried yeast, distillers solubles,
grass meal, cereal by-products, soya bean meal, animal and
vegetable oils.

An analysis of aquarium water was carried out on 1st
June, 1973 by a commercial analyst (R.R. Tatlock and Thomson,

Bath Street, Glasgow):

Substance Concentration (mg-1-1)
total dissolved solids 40.0
total alkalinity as CaCO™ 14.0
chloride 7.0
free ammonia 0.007
albuminoid ammonia 0.063
nitrous nitrogen none
nitric nitrogen trace
sodium 2.6
potassium 0.3
iron 0.12
copper 0.04
lead 0.01
free chlorine 0.04
7.0

pH



2.2. Salinity: food intake and conversion efficiency

Rainbow trout studied in experiments in which
salinity and temperature were controlled were held in
rectangular G.R.P. tanks of 250 1 capacity (100 cm x
100 cm x 25 cm) covered with i in. mesh semi-rigid nylon
netting (Netlon). In specific experiments, 10-20 trout
were randomly assigned to each tank. The Ffish were not
individually identified. The tanks were located in a
controlled temperature room set to give a water temperature
of 10.0°C + 0.5°C. Oxygen concentration was maintained
at near-saturation levels by compressed-air aeration, and
monitored with a Mackereth Oxygen Electrode. A 12 h
photoperiod was maintained by an automatic time-switch.

Sea water, initially obtained from Dunstaffnage Marine
Laboratory, Oban, was drawn off the aquarium®s recirculating
filtered seawater system. Copper-free fresh water was
drawn off the mains. Intermediate salinities were prepared
by mixing water from these two sources in measured propor-
tions. Salinity in the experimental tanks was monitored
regularly with a salinity/temperature bridge (Type MC5
National Institute of Oceanography), which was calibrated
against silver nitrate chloridimetric titrations. Salinity
was maintained within a range of 0.5 p.p-t. Three times
weekly, half the water in each experimental tank was
siphoned off and replaced with water of the appropriate
salinity and temperature.

Conversion efficiency (Kx as defined earlier) was

measured over several periods of 14 days in three categories m
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of trout: () O+ trout 50-95 g approx., (@) 0+ trout
80-155 g approx., (3) 1+ trout 115-155 g approx. Food

intake was measured in categories (2) and (3).

2.2.1. Acclimatization: Individuals to be used in
experiments were removed from the stock tank and trans-
ferred to the experimental tanks described above. In
these tanks, they were held in fresh water at the experi-
mental temperature for 14 days to allow temperature
acclimation before the salinity was altered. From fresh
water, trout were transferred to salinities of 7.5 p.p.-t.
and 15.0 p.p.t. in weekly steps of 7.5 p.p.t., and from
15.0 p.p.t. to either 28.0 p.p.-t. or 32.5 p.p.t. in one
further step. They were then maintained at these
salinities for 14 days before the commencement of an

experiment.

2.2.2. Feeding: The diet consisted of Coopers® Beta
Floating Pellets Size 5 (maximum dimension 3.5-5-0 mm).
This diet was chosen because:
1) Residual pellets float and can readily be recovered
from the water surface.
2) The pellets have a sufficiently high water”~stability to
ensure that there is no appreciable loss of constituent
material during the feeding period.
3) Properties 1) and 2) combine to minimise fouling of the
tank by uneaten food particles.

Many of the problems noted by earlier workers are

thus circumvented. Brown (1946c) estimated the dry weight
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of a fresh meat diet from the dry weight of sub-samples and
siphoned off residual food particles for direct dry weight
determinations. Brown (1957) drew attention to problems
inherent in this method.

1) The fFish break up the food and eject small unrecoverable
particles.

2) The absorption of water by uneaten food makes it necessary
to use dry weight measurements.

In the present method, pellets were sieved before use
to remove undersized food fragments. During certain
experiments, a predetermined daily ration was fed. In
others, the trout were fed once daily 6 days weekly to
satiation in order to determine "appetite”. A weighed
excess of pellets was provided and the fish were permitted
to feed for 30 minutes from about 0930. Food intake was
then measured by calculating the difference in weight
between supplied food and residual food. As the pellets
were of uniform weight, residual weight could be estimated

accurately from the number of pellets uneaten.

2.2.3. Weighing and measuring: Before being weighed and
measured, the trout were starved for 48-72 h to allow the
gut to be emptied. Fish to be weighed and measured were
anaesthetized in a 1:15,000 solution of MS-222 Sandoz (meta-
aminobenzoic acid ethylester) in water of the appropriate
salinity. Length, to the nearest 1.0 mm, was measured from
the extreme anterior end of the fish to the shortest caudal
fin ray (fork length). Weight was measured to the nearest

0.1 g after removing excess surface water with damp absorbent



paper . In most cases, experimental fish were weighed

fortnightly.

2.3. Salinity: absorption efficiency

Food absorption efficiency was measured at four
salinities: fresh water, 7.5 p.p.t., 15.0 p.p.t. and
32.5 p.p-t. The experimental fishes had already been
maintained at these salinities for at least 100 days.
18-20 rainbow trout (mean weight 130 g approx. ) were held in
each of four 250 | static aerated tanks at a temperature of
10°C + 0.5°C and fed on Coopers®™ Floating Pellets at a
ration level of about 10% per week on a dry weight basis.

Immediately before the experimental period, the
trout were starved for 72 h and the tanks were carefully
cleaned to remove any remaining faecal material. There-
after, the trout were fed daily for 2 weeks. Faeces were
collected on alternate days by siphoning them off, together
with a minimal volume of water. An almost complete
recovery of faeces is possible, as egested material is
surrounded by a layer of mucus. The faeces were concen-
trated on a pre-weighed glass fibre filter disc by suction
filtration and washed with a small volume of distilled
water to remove residual salt water. Faecal recoveries
were continued until 72 h after the last feeding to ensure
as complete a recovery as possible.

The dry weight of faeces was determined by drying
the samples to constant weight at 80°C. Aliquots of faeces

from each salinity and samples of food were analyzed for
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both energy content and total nitrogen by the methods
described in detail elsewhere in this thesis (pp- 22-24).
Determinations were made in triplicate. Faecal ash content
determinations were made in duplicate for each salinity,
to allow a correction to be made for any extraneous in-
organic matter present in faeces from 7.5 p.p.t., 15.0 p.p-t.
and 32.5 p.p-t. tanks.

Absorption efficiency was calculated for dry matter,
energy and nitrogen, according to the formula p = 1:if, where
p is absorption efficiency as a fraction of unity, 1 is food

intake and F is faecal output.

2.4_. Sodium chloride dietary supplementation

Experimental conditions differed in several respects
from those maintained in the standard growth tanks described
above.

20 rainbow trout of the O+ year-group with a mean
starting weight of about 34.0 g and a mean starting length
of about 14.0 cm were randomly allotted to each of three
84 1 G.R.P. tanks. A continuous flow of "copper-free”
mains water was passed through the tanks at mains temper-
ature, which varied from 4.2 to 9«9°C [x = 6.25] over the
experimental period of 14 weeks. The lighting regime was
not under automatic control, but a photo-period was main-
tained of as close as possible to 9 h in each 24.

NaCl supplements of 5.0% and 8.5% were added to
Coopers®™ “"Growers®™ slow-sinking®™ pellets by the manufacturers,

according to our specifications. A control batch of pellets



without NaCl supplementation but of otherwise identical
composition was also prepared.

The trout in one tank were fed on control pellets
while those in the two other tanks were fed on 5.0% and
8 5% respectively. A predetermined ration was provided,
the ration being adjusted fortnightly to give a range of
ration levels between 4 and 40% per week on a dry weight
basis. Appetite on the three different diets was compared
by daily feeding over one 1l4-day period to a measured
satiation level.

In calculating conversion efficiency and food intake,
a correction was applied for the diluent effect of the

NaCl supplement and for differences in water content.

2.5. Salinity: fasting

Two separate starvation experiments were carried
out under the standard experimental conditions described
for the growth experiments (salinities 0.0, 7.5» 15-0,
32.5 p.p-t.; temp. 10°C; 250 1 tanks).

At commencement, there were 15-20 individuals (mean
weight (i) about 80.0 g (ii) about 130.0 g) in each tank.
These trout had been maintained on a controlled diet at
the experimental salinities for at least 120 days prior to
the experiment. All fish were weighed and measured (on
day 0) 72 h after their last meal. Further weight and

length measurements werp made at intervals during starvation,
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On days 0, 20 and 46, five individuals were sampled
from each salinity for lipid and water content determin-
ations. In one experiment (130.0 g) the individuals in
32.5 p.p-t. sea water were sacrificed on day 35, as they
were showing signs of distress.

The sampled trout were killed by a sharp blow on the
head . In one experiment (130.0 g) an epaxial muscle
sample of 1-2 g wet weight was excised from each side of
each individual immediately anterior to the dorsal fin.
This sample was free of red muscle, external myocommata
and skin. The whole liver was excised and all bile was
drained from the gall bladder by slitting it with a scalpel.
In the other experiment (80.0 g) the gut and visceral
adipose deposits were sampled. The alimentary canal was
transected at the oesophagus immediately posterior to the
pericardium and at the anus and removed, together with the
attached adipose deposits. The liver and spleen were dis-
carded. The alimentary canal was split longitudinally and

washed in 0.9% saline to remove mucus and any remaining

ingested matter. Tissue samples were weighed and
immediately deep-frozen at -20°C. Water content was later
determined by vacuum freeze-drying. The lipid content of

freeze-dried samples was estimated by n-heocane extraction
(Groves, 1970) according to the method described in detail

later in this section.
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2.6. Keep-net: Alrthrev Loch

Until aquarium accommodation became available, some
observations were made on trout maintained in a keep-net
in Airthrey Loch for later comparison with fish kept under
controlled conditions. 150 rainbow trout of the 0+ year-
group, with an approximate mean length of 15.0 cm and an
approximate mean weight of 44.0 g, were transferred to a
cuboidal net enclosure located in Airthrey Loch, University
of Stirling. The net, which enclosed a water volume of
4000 1 (2mx2mx I m) was constructed from 0.25 in mesh
semi-rigid nylon netting (Netlon) on an aluminium alloy
framework. The net was suspended above the loch bottom on
four vertical posts.

The trout were fed 5 times weekly over a period from
3rd December 1971 to 22nd April 1972, on floating pellets of
the type described earlier. A daily ration of 100 g was
adhered to throughout.

Samples of 10 fish were taken at intervals (usually
fortnightly) for weighing and measuring. The sampled fish
were measured to the nearest 1.0 mm and weighed to the
nearest 0.5 g. To permit a calculation of total weight, a
record was kept of the weight of any fish which died or
which was removed without being replaced. Surface temper-

ature was recorded at the time of each feeding.
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2.7. Chemical analyses

2.7.1. Freeze-drying: Samples were dried to constant
weight at -40°C in an Edwards High Vacuum Model EF2 freeze-
drier. All samples were pre-frozen for at least 12 h at
-20°C. Dried samples were allowed to attain room

temperature in a silica gel desiccator.

2.7.2. Homogenisation: Material for nitrogen content,
energy content and ash content determinations was Finely
ground in a Glen Creston rotary hammer mill to help ensure
homogeneity in the small samples (20-40 mg) used in energy
and nitrogen determinations. Before being milled, whole
fish were deep-frozen, ground in a domestic-type mincer and
freeze-dried, while faecal samples were oven-dried at 80°C.
Food pellets, on the other hand, were milled without any
pre-treatment as they are already friable and have a low
water content. All pulverised samples were stored over

silica gel 1n vacuum desiccators.

2.7.3. Calorimetry: The energy content of samples of fish,
food and faeces was estimated by combustion in a miniature
bomb calorimeter (Phillipson, 1964), supplied by Gentry and
Wiegert Instruments Inc., Aiken, South Carolina. The bomb
was calibrated against benzoic acid (Thermochemical Standard
Grade) which has a calorific value of 26.455 J.mg In
the course of calibration, 13 pellets of benzoic acid,
weighing from 1.0 to 21.0 mg, were combusted. The cali-

bration curves obtained are presented in Figures (&) and

(23) (Appendix 6).



Determinations were carried out on duplicated (fish)
or triplicated (food and faeces) 9.9-25.5 mg pellets,
prepared from freeze-dried, homogenized samples, and stored

until combustion in silica gel desiccators.

2.7.4. Lipid extraction: Total lipid was estimated by
extraction in n-hexane, using a modification of the method
employed, and rigorously tested, by Groves (1970). Pre-
weighed, freeze-dried whole tissue samples (epaxial muscle,
liver, gut) were extracted three times in 10 times their own
volume of n-hexane in sealed beakers. Each extraction

took place over 24 h, with periodical agitation. After the
third 24 h extraction period, the n-hexane solvent was
decanted and the fat-free sample air-dried for 12 h at room
temperature to allow the bulk of the remaining solvent to
evaporate. Each sample was then dried for 24 h at 80°C,
cooled in a desiccator and weighed. This technique has the
advantage that a large number of extractions can be per-
formed concurrently, and the added advantage for some work
that protein and ash determinations can readily be carried

out on the extracted samples.

2.7.5. Nitrogen: The nitrogen content of fish, food and
faeces was determined by the micro-Kjeldahl method as
described by Niederl and Niederl (1942).

Duplicated (fish) or triplicated (food and faeces)
samples of 30.0-40.0 mg of dry powdered material were
digested by boiling for 30 minutes in 1.0 ml of nitrogen-free

concentrated sulphuric acid (S5.G. 1.835) with approximately
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0.075 g of catalyst mixture, composed of potassium sulphate
(K2S0™), copper sulphate (CuS0™) and mercuric sulphate
(HgS0™) in the proportions 1.0:3.0:0.2.

The digest was then cooled and quantitatively trans-
ferred, with several washings of distilled water, into the
distillation apparatus, and neutralized with 10.0 ml of 30%
sodium hydroxide, containing 5% of sodium thiosulphate to
break down any mercury-ammonia complexes that may have been
formed.

The ammonia which was distilled ever was collected in
exactly 25.0 or exactly 30.0 ml of 0.01 M hydrochloric acid
containing a trace of methyl red indicator. After boiling
for five minutes to expel dissolved carbon dioxide, the
excess of HC1l was determined by titration against 0.01 M
NaOH . A duplicated blank was carried through the whole
procedure and a blank correction was applied to the titration
results. The quantity of ammonia, and hence of nitrogen,
contained in the sample was calculated from the volume of
HC1 neutralised by the distillate.

Niederl and Niederl (1942) used urea to illustrate

the chemical reactions involved in the method:
i Digestion H2NCONH2 vy (~4)27M04
ii Distillation (NHY)2S0M + 2NaOH — » 2NHA + Na2Son

Titration NHN + HC1 — » NH”CI
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2.8. Histology

The trout sampled for histological study belonged
to the 0+ year-group, were sexually immature and had a
mean length of about 23.0 cm and a mean weight of about
140.0 g. They had been maintained, for at least 120 days,
in four salinities: fresh water, 7.5 p.p.t., 15.0 p.p.t.,
and 32.5 p.p-t. EUring this period, the water temperature
had been 10 + 0.5°C. All fish were fed at the same
measured daily rate which was below satiation level for all
treatments. 72 h before initial samples were taken,
feeding was terminated to allow the gut contents to be
voided. 3-4 trout from each salinity were then sampled
for histological observation. The remaining individuals
were starved for a total of 48 days and samples of 3-4 trout
from each salinity were then sampled for histological
observation. The remaining individuals were starved for
a total of 48 days and samples of 3-4 trout from each
salinity were then removed.

Fish included in the samples were killed by a sharp
blow on the head, measured and weighed. The following
parts of the alimentary canal were excised for histological
examination:

a) oesophagus and anterior region of cardiac stomach

b) central region of cardiac stomach

c) intestine: a 5 mm length beginning ! cm posterior to the
last pyloric caecum.

d) rectum: a 5 mm length beginning ! cm anterior to the

anal opening.
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All tissue samples were fixed immediately post-
mortem in 0.9% neutral formol-saline. After fixation, the
samples were dehydrated in graded alcohols and embedded in
paraffin wax (M.P. 56°C) according to the schedule
recorded in Appendix 7.

The embedded tissues were sectioned at 5 pm on a
rotary microtome. Gut areas (b), (¢) and (d) were studied
in transverse section, area (a) in longitudinal section.
Staining and histochemical methods employed included
haematoxylin and eosin, periodic-acid-Schiff (PAS) with
light green counterstain, Lison"s (1954) alcian blue-
chlorantine fast red (AB). PAS reacts with neutral muco-
polysaccharides. AB stains acid or sulphated mucopoly-
saccharides. Before being stained, the sections were
dewaxed in xylol and taken to water (Appendix 7). The
staining methods are described in detail in Appendix 7.

Histological measurements were made with an eyepiece
graticule. The external diameter (and hence the radius)
of each section examined was estimated by taking the mean
of the maximum and minimum diameters. The mean depth of
the columnar epithelium in the intestine and rectum was
estimated from a sample of 8-10 randomly selected cells in
each section. An estimate of mucus (goblet) cell density
in each intestine and rectum section was made from the
number of such cells in 10 randomly-selected 136 dm lengths
of columnar epithelium. Other measurements were made in

quadruplicate, with observations at intervals of approxi-

mately 90°.
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Where required, total gut cross-sectional area

(including lumen) was estimated from the formula:
A = nr2
and total muscle cross-sectional area from the formula:
M = nr2 -n (r-ml - m2)2

where A i1s total cross-sectional area,
M is muscle cross-sectional area,
r 1is the exiernal radius of the section,
is the depth of the circular muscle layer
and M. is the depth of the longitudinal musgle layer.
To allow direct comparisons to be made between
sections from individuals of differing sizes, a relation-

ship between cross-sectional area and fish length was

used. It is assumed that

Aoc L2
/. A= kiH2

Similarly, it is assumed that

Moc12
M = kN 2

where L 1is fish length
k Is a constant

is a constant



Changes 1in and k2 in response to salinity
and starvation can be directly compared, even among

individuals of different size.
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3- RESULTS

3-1« Effects of salinity on food intake

To take account of the large discrepancy between
the water contents of the trout and their pelleted diet,
food intake was expressed in terms of per cent dry weight
per week ( A week was
selected as the time unit, as the fish were fed 6 days

weekly, making a week the shortest repeated time cycle.

3.1.1. Fluctuations in food intake: There was a marked
day-to-day fluctuation in food intake. This is illustrated
by data from Experiment (3) (Figs. la,b,c,d). For simplicity,
this figure shows absolute food intake. Each day of non-
feeding is signified by a break in the record. There was

no clear tendency for a day of non-feeding to be followed by

increased food intake on the succeeding day.

3.1.2. Acute effects of salinity on food intake: At each
abrupt change in salinity there was a decrease in growth
rate by comparison with the control (Fig. 2a,b). A com-
parison of weekly % weight increase and weekly food intake
(Fig. 3a,b) indicates that this decrease can be explained
mainly by a decrease in food intake after each salinity
change. The greatest decrease in food intake and growth
rate occurred after the increase of salinity from 15-0 p.p.t.
to 28.0 p.p-t. The recovery of food intake and growth

rate to pre-change levels occurred within 14 days.

I 1 TW?



FIGURE 1.

Day-to-day fluctuations in the
absolute food intake (g) over a
period of 40d of groups of rainbow
trout maintained in four different
salinities, (@) fresh water,

® 7*5 p*pHl«, (© 15.0 pop.t.,
and (d) 32.5 p.p.t.






FIGURE 2.

The acute effect of salinity on
rate of weight increase, expressed
as mean weight relative to a mean
commencing weight of 1.00. At
each of the points marked by an
arrow, a water change was carried
out. In the case of the experi-
mental group, the salinity of the
medium was abruptly changed to
that indicated above the arrow,
while the control group were kept

in fresh water.






FIGURE 3.

The relationship between the acute
effects of salinity on (&) weekly
food intake and (b) growth rate
weekly weight increase).
Alterations of salinity are

indicated as in Fig. 2.
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3.1.3- Chronic effects of salinity on food intake: As
stated In the previous section, three separate experiments
were carried out to determine the effect of salinity on
appetite in the acclimatized fish. The results of these
three experiments are summarised in Table 1 and Appendix 1.
Food intake tends towards a maximum at intermediate salin-
ities. The combined results of the three experiments are
presented in Fig. 4. Table 1 summarises the statistical
significance of differences between food intakes at the

five different salinities investigated ("Student®s® t-test).

0 7.5 15.0 28.0
7.5 n.s. - - -
15.0 0.05 n. s. - -
28.0 0.05 n. s. n. s. -
32.5 0.01 0.05 0.01 0.01
Table 1. A summary of the statistical significance of

differences between food intakes in the five
salinities iInvestigated.

Food intake was significantly higher in salinities
of 15.0 p.p-t. and 28.0 p.p-t. than in fresh water. Food
intake in 7.5 p.p.t. was intermediate between fresh water
and 15.0 p.p.t., and was significantly different from
neither. In a salinity of 32.5 p.p-t., food intake was

significantly lower than at any of the other four salinities



FIGURE b. Weekly food intake (mean % dry weight
s.e.) versus salinity (p.p-t.) in

acclimatised fish.
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3.2. Effects of salinity on food absorption

Absorption efficiency was calculated in terms of
total dry matter, energy and total nitrogen. In all cases,
there was a negative linear relationship between salinity
and absorption efficiency (Fig. 5)- As the method
employed in estimating absorption efficiency entailed
pooling the individual faecal samples, it is difficult to
give an indication of variability for each of the points on
which the regressions were based. The standard errors of
the nitrogen and energy content determinations implicated
in two of the curves are indicated elsewhere in this thesis

(Appendix 2).

3.2.1. Dry Matter: Dry matter absorption efficiency fell
from 0.89 in fresh water to 0.80 in 32.5 p.p.-t. sea water
(where y is salinity in parts per thousand and Xx is
absorption efficiency as a fraction of unity, y = 0.8957 -
0.0028x) - There was a significant negative correlation
between salinity and dry matter absorption efficiency

(r = -0.9883; d.f. =2; p < 0.05).

3.2.2. Energy: When absorption efficiency was calculated
on the basis of calorific value, a slightly higher value was
obtained. Energy absorption efficiency fell from 0.91

in fresh water to 0.83 in 32.5 p.p.-t. (y = 0.9186 -

0.0027x) - There is again a significant negative corre-
lation between salinity and absorption efficiency (r =

0.9775; d.f. =2; p < 0.05).
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3.2.3* Total Nitrogen: Total nitrogen is absorbed con-
siderably more efficiently than energy. The efficiency
with which this component of the food is absorbed varies
from 0.96 in fresh water to 0.90 in 32.5 p.p.t. sea water
(y = 0.9584 - 0.0019x%) . There is again a significant
negative correlation between salinity and absorption
efficiency (r = 0.9767; d.f. = 2; p < 0.05).

It was found that faecal nitrogen content increased
exponentially with salinity, from 2.46% of corrected dry
weight in fresh water to 3-49% in 32.5 p.p.t. sea water,
according to the equation y = 2.869x"N~N, where X 1is
salinity (p.p-t.) and y is nitrogen content (%). There 1is
a significant positive correlation between loglQx and
1°gl0y . (r = °*9957; d.f. = 2; p < 0.05). The curve
in Fig. 5b is drawn from the regression equation, and the
vertical bars represent the standard errors of triplicated
micro-Kjeldahl nitrogen determinations. The energy content
of the faeces iIs not appreciably affected by salinity, but

ash content increases markedly (Table 2).

Salinity (p.p-t.) 0.0 7.5 15.0 32.5
Energy content % 15.6 16.7" 15-2 17.5
Ash content % 18.3 24.4 22.2 27.0

Table 2. Energy and ash contents of faeces in salinities
between 0.0 and 32.5 p.p.t. as % dry weight.
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3.3- Effects of salinity on food conversion efficiency

Ki ™ } and K2 (@>fc) were estimated in terms of

dry weight, energy and total nitrogen. Conversion of
wet weight was not calculated because of the large
difference which exists between the water content of fish
(73.6%)and food pellets (7 .6%). Conversion efficiency was
calculated for three groups of fishes (mean weights given
to the nearest 5 g)
(1) 0+ year-group, 50-95 g
(@ 0+ year-group, 80-155 g
) 1+ year-group, 115-155g.

In the case of Group (3), conversion efficiency values
were obtained at only 3 salinities, 0.0 p.p.t., 7.5 p.p-t.,
and 28.0 p.p-t. Rather than presenting the results for
this group in graphical form, they are therefore presented,

in terms of dry weight alone, in the form of a table

(Table 3).

Salinity (p.p-t.) K- (dry matter) S.e.
0.0 0.12 0.03
7.5 0.15 0.03
28.0 0.16 0.02

Table 3- The effect of salinity on conversion efficiency
in rainbow trout of the 1+ year-group (115-155 g).
The mean K exhibited by Group (3) was significantly
lower than that of trout one year younger but of similar
weight (t = 2.5476; d.f. = 28; p < 0.05). There was no
significant correlation between and salinity (r = 0.3000;

d.f. =7; p > 0.1).



In both other groups ((1) and (2)), K (dry matter)
was found to be little affected by salinity over the range
from 0.0 p.p.t. to 28.0 p.p-t. At 32.5 p.p-t., however,
K-1 was significantly lower than at the other four

salinities.

Group (1) (t = 3-5336; d.f. =18; p < 0.01)

Group (@ (t = 2.1875; d.f. =22; p < 0.05).

Because of this phenomenon of a sudden decline in
conversion efficiency, the salinity range 28.0 p.p-t. to
32.5 p.p-t. was attributed with a curve of a different
gradient, intersecting the 0.0 to 28.0 p.p-t. curve where

the latter curve has x = 28.0.

3.3.1. Dry matter conversion efficiency.
@ %
(1) Group (@) 50-95 g

In this group fell from 0.24 at 0.0 p.p-t. to
0.18 at 28.0 p.p-t. and 0.14 at 32.5 p.p-t. (Fig. 6a).
There was a significant negative correlation between
salinity and K* over the range 0.0-28.0 p.p-t. (r = -0.5624;
d.f. = 16; p < 0.05). The regression coefficient for
the 0.0 to 28.0 p.p-t. line was 0.0020 and that for the
28.0 to 32.5 p.p.t. line was 0.0093. % in fresh water
was higher (0.26) than in the case of the larger individuals
(Group (2))- This difference was, however, not significant
(t =1.1484; d.f. =9; P> 0.1).
(ii) Group () 80-155 g

K remained relatively unchanged, at about 0.20, from



FIGURE 6. The relationship between conversion
efficiency (K" and K2) and salinity
(p-p-t.) in rainbow trout of Group 1
(B0 - 95 g)- (@ dry matter,

(b) energy, (c¢) total nitrogen.
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0.0 to 28.0 p.p-t., but fell to 0.12 in 32.5 p.p.t. sea
water (Fig. 7a). There was no significant correlation
between salinity and conversion efficiency K» over the
range 0.0 to 28.0 p.p-t. (r = 0.0720; d.f. = 22; p > 0.1).
The positive gradient over this range was negligible
(regression coefficient = 0.0001), but there was a steep
decline from 28.0 to 32.5 p.p.t. (regression coefficient =
0.0176). There was no significant difference between

the conversion efficiency gradients exhibited by Groups (1)
and (2) over the range from 0.0 to 28.0 p.p-t. (t = 1.5333;
d.f. = 35; p > 0.05)e

®) K2

In all calculations of K2> p for the appropriate
salinity was obtained from absorption efficiency experiments.
As p for 28.0 p.p-t. was not directly determined, the
required value was interpolated from the absorption
efficiency/salinity curve (Fig. 5a) for either dry weight,
energy or nitrogen. K2 was derived, at each salinity,
from the mean value of KA.

() Group (@)

As could be predicted when absorption is not totally
efficient, K2 was slightly higher than Kk at all salinities,
varying from 0.27 at 0.0 p.p-t. to 0.22 at 28.0 p.p-t.
and 0.17 at 32.5 p.p-t. (~-~ = 0.032) (Fig- 6a). Because
of the measured decrease in absorption efficiency with
salinity, K2 diverges increasingly from K over the range
0.0 to 28.0 p-p-t. The regression coefficient of is

-0.0020 while that of K2 is -0.0016.
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(i) Group (@

K2 varies from 0.22 at 0.0 p.p-t. to 0.24 at
28.0 p.p-t. and 0.15 at 32.5 p.p-t., is higher than kK*

= 0.0322), and diverges from it as salinity increases
(Fig. 7a). From 0.0 to 28.0 p.p-t., the regression

coefficient for ~ 1is 0.0001 while the equivalent value for

K2 is 0.0005.

3.3.2. Energy conversion efficiency

Energy conversion efficiency was derived from tbo
means of the dry weight conversion efficiency by the use of
determinations of the energy content of whole fish and food
(Appendix 3). In neither group of fish was energy conver-
sion efficiency (K) significantly different from dry weight
conversion efficiencies.
Group (1) (50-95 g) t = 0.7142; d.f. =8; p > 0.1.
Group (2) (80-155 g) t = 0.7929; d.f. =8; p > 0.1.
This result iIs to be expected in the light of the similarity
between the calorific value of dry food (20.76 + s.e. 0.52)
and whole dry fish (22.77 + 0.21).
(@) Kx
() Group @

In this group, was estimated to vary from 0.26 at
0.0 p.p-t. to 0.20 at 28.0 p.p-t. and 0.15 at 32.5 p.p-t.
The regression equation of K~ (energy), y = 0.2578-0.0020x
was very similar to the equation of kK (dry weight),
y = 0.2378-0.0020x (Fig. 6b).
(ii) Group (@

remained at about 0.22 from 0.0 to 28.0 p.p-t.,
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falling to 0.13 at 32.5 p.p-t. As stated above, energy

conversion efficiency was not significantly different fro

m

dry weight conversion efficiency, and the regression equation

of kK (energy), y = 0 2762 + 0.000Ix was again closely
similar to the equation of K~ (dry weight), y = 0.1962 +

0.0001x (Fig. 7b).

®) k2
() Group (O

Energy conversion K2 varied from 0.28 at 0.0 p.p-t
to 0.24 at 28.0 p.p-t. and 0.18 at 32.5 p.p.t., was highe
than (E2-~i = 0.032), and diverged slightly from it as
salinity increased. The regression coefficients for kK~
and K2 were -0.0020 and -0.0016 respectively (Fig. 6b).
(i) Group (@)

K2 varied from 0.23 at 0.0 p.p.t. to 0.26 at 28.0
and 0.16 at 32.5 p.p-t. The pattern of vertical trans-
lation above (R™R-~ = 0.028) and divergence from is
again present (Fig. 7b). The regression coefficient of

K4 1s 0.0001 while that of K2 is 0.0009.

3.3.3. Nitrogen conversion efficiency
Nitrogen conversion efficiency was estimated from
the means of dry weight conversion efficiency by the use

of nitrogen content figures for food and whole fish

r

p-p-t.

presented elsewhere (Appendix 3). In both groups of trout

(D and (@), nitrogen conversion efficiency (K™ was
significantly higher than both dry weight andanergy conve

sion efficiency.

| o



Group (1) t = 3*2421; d.f. =13; P < 0.0l
Group (@) t = 3.4246; d.f. =13; p < 0.01

This result is due to the higher nitrogen content of
the fish than the food. The nitrogen content of whole
rainbow trout was estimated from a sample of 10 individuals
to be 10.19 + s.e. 0.21% of total dry weight, while the
nitrogen content of the food pellets was 6.97 + s.e. 0.15%
dry weight, which indicates that, for a given conversion of
dry matter, there is a higher conversion of nitrogenous
matter.
@ %
() Group

K- varies from 0.35 at 0.0 p.p-t. to 0.27 at 28.0
p-p-t. and 0.20 at 32.5 p.p-t. As already noted, K
(nitrogen) is significantly higher than kK (dry weight).
For K~ (nitrogen), from 0.0 to 28.0 p.p-t., y = 0.3479-
0.0028x (Fig- 6c).
(ii) Group (@

remains at 0.29 from 0.0 to 28.0 p.p.t. and falls

to 0.18 at 32.5 p.p-t. kK] (nitrogen) is again significantly
higher than (dry weight). For K (nitrogen) (Fig. 7c¢)
from 0.0 to 28.0 p.p-t., y = 0.2862+0.0000Ix.
® k2
() Group O

K2 varies from 0.36 at 0.0 p.p.t. to 0.30 at
28.0 p.p-t. and 0.22 at 32.5 p.p-t. The translation of
K2 above Kx (Rg-1™ = 0.0200) is less than for both dry

weight and energy, because of the higher absorption



efficiency of nitrogen at all salinities. As before, the
K2 curve diverges from that for kK (Fig. 6C). For K2,
the regression coefficient is 0.0008, while for K™ it is
0.0001.
(ii) Group @

K2 in this case varies from 0.30 at 0.0 p.p.t. to
0.32 at 28.0 p.p-t. and 0.20 at 32.5 p.p-t. (R,,-" = 0.020).
The K2 curve diverges from the curve of K, the respective

regression coefficients being 0.0008 and 0.0001 (Fig- 7c¢).

3.4. Effects of ration on food conversion efficiency

As results to be presented later will indicate,
sodium chloride dietary supplementation was found to have
no effect on conversion efficiency. The results of
dietary supplementation experiments were therefore pooled
to provide information on the effects of ration level on
conversion efficiency.

Weight increase (# increase in dry weight per week)
was plotted against ration (on a % dry weight basis),
corrected for the diluent effect of added NaCl (Fig- 8).

A straight line relationship was obtained over the range
between rations of 3*82 and 38.23# (y = 0.2115x-0.7699)«
The lowest ration led to a loss of weight. It is possible
to interpolate the maintenance ration (i.e. the ration which
would produce no change in weight) from the regression line.

When y = 0, 0.2115x = 0.7699



The relationship between growth rate
(as % iIncrease in dry weight per
week) and ration (on a % dry weight

basis), (y = 0.2115x - 0.7699).



growth rate
ght per
iry weight

.7699) .
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The interpolated maintenance ration is thus 3.64%
per week.

It should also be possible to estimate the rate of
weight loss during starvation by extrapolating to the
intercept on the y axis.

When x = 0, y = -0.7699

Thus, fish of this size, under similar conditions,
might be expected to lose 0.7699% of their dry weight per
week, at least during the first 2 weeks of food deprivation.
This estimate is in good agreement with results of
starvation experiments to be described later in this thesis.

Conversion efficiency (KM dry weight) was lower than
the comparable value found with Ffloating pellets in the
salinity/conversion efficiency experiments (0.18 at a ration
of 25% per week, as compared with about 0.20). This may be
due, at least in part, to differences in the composition of
the foods (energy content: 17.87 J.mg-™ compared with
20.76 J.mg-1; nitrogen content: 6.40% of dry weight
compared with 6.97%) but,as already described,experimental
conditions were not identical.

It Is apparent from Fig. 8 that there must be a
close relationship between K and % ration. There is no
correlation between and either absolute ration or body
weight. (dry weight) was plotted against % ration
(Fig- 9). The equation describing this relationship can
be derived from the equation relating % weight increase ()

and % ration (X).






The relationship between (dry matter)

and weekly ration as % of dry weight.
0.7699\



o/o NOIIVti
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-1
X
but y = 02115x - 0.7699
‘ 0.2115X - 0.7699
i X
= 02115 0769

The observed values of K show a good fit with this
equation. K rises from 0.00 at 3.64% dry weight per week
to 0.13 at 10.0% and 0.19 at 38.0%.

It has been shown by Winberg (1956), Paloheimo and
Dickie (1966a) and earlier workers, that it is possible
to estimate metabolic rate from measurements of ration and
growth rate. T (total metabolic rate) was in this case
estimated from the relationship between and ration (X).
where T is total metabolism

k is a constant converting ration as % dry weight

per week to joules per kg live weight per hour

X is ration (% dry weight per week)

p 1is energy absorption efficiency (fresh water)

is conversion efficiency (dry weight)

k+t = 276.55
p =091
-1 _i _
T (J-kg 7 -h-1) = kxx (0.91 - Kx)

but Kx = 0.2115 - °“7|»

o
_|
I

k1x(0.91 - 0.2115 + °*7~ 7 )
(0.91 - 0.2115)k1x + 0.7699kx

0.6985k1x + 0.7699 kx

T (J.kg-1.h_ 1) = 193-17X + 212.92

mil



where k2 is a constant relating joules to mg)2[l mg 02 =

3.42 cal (Brody 1945) = 14.34 joules]
T(mg 0~g"1.h-1)= 193.17 k2x + 212.92 k2

k2 15735 = 0.06974

13.47x + 14.85

s T (mg 02 kg-1.h"1)

Estimated oxygen consumption rises linearly from
63.88 mg 02 kg-1~ -1 at a ration of 3.64% per week (weight
maintenance) to 526.71 mg 02 kg-1.h-1 at a ration of
38.0% per week (twice-daily satiation). Estimated oxygen
consumption therefore increases by 8.25 times for an

increase in % food intake by 10.5 times.

3.5. Effects of dietary sodium chloride on food intake

and conversion efficiency
The effects on food intake of feeding a dietary

sodium chloride supplement are summarized in Table 4.

SALT WEEKLY FOOD  ADJUSTED WEEKLY CONVERSION
SUPPLEMENT INTAKE FOOD INTAKE EFFICIENCY
(as % (as % dry (corrected for %)
total wt) weight) added NaCl)
0.0 28.81 26.73 0.16
4.9 27.20 25.78 0.18
8.5 27.60 25.07 0.17

Table 4. The effect of dietary sodium chloride on food
intake and conversion efficiency.

Food intake is expressed as a percentage of Ffish dry weight.

The Ffish were fed to satiation twice daily for 14 days,

during which time the mean water temperature was 4.23°C.
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Food intake observations were adjusted to take account of
the diluent effect of the added sodium chloride. (A given
weight of food containing salt has a lower nutrient content
than the same weight of food without salt). Despite two
feeding sessions per day instead of one, and the somewhat
smaller fish, % food intake was similar to that recorded

in the controlled-temperature 10°C experimental tanks

(mean about 26% per week compared with about 23%), probably
because of the lower water temperature. It can be seen
from Table 4 that food intake in rainbow trout, under the
particular experimental conditions described, was unaffected
by increases in dietary salt of up to 8.5% cftotal ration.

Table 4 presents mean conversion efficiencies KV
calculated on the basis of corrected dry weight for seven
14-day periods on rations of between 8% and 38% dry weight
per week. One 14-day period, during which the ration was
fixed at a level very close to weight maintenance, was not
included in the computation.

Mean conversion efficiency (K~), like appetite,
changes little with sodium chloride supplementation. There
was no statistically significant variation. There was
also no indication that altering the ration influenced the
effect, if any, of sodium chloride supplementation on con-

version efficiency.

3.6. Effects of salinity on fasting rainbow trout
3.6.1. Weight loss during fasting: The effects of
salinity on rate of weight loss were studied in two size

ranges of trout, In two separate experiments. Experiment 1
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was carried out with groups of initially 18-20 trout with
group mean weights of 100-155 g and Experiment 2 with
groups of 13-16 trout with group mean weights of 80-95 g.
These weight ranges correspond with groups (2) and (1)
respectively of the individuals studied in the earlier
experiments on the effects of salinity on food intake and
conversion efficiency.

Experiment 1 (100-155 g): To facilitate direct comparison
between treatments, loss of weight was measured in relation
to a mean weight, at the beginning of the starvation period,
of 1.00.

Trout in fresh water, 7.5 p.p-t. and 15.0 p.p.-t. lost
weight at approximately equal rates, attaining a relative
weight of 0.89 after 48 days of food deprivation (Fig. 10).
After about 35 days of fasting, the trout maintained in
32.5 p.p-t. sea water began to show signs of distress.
These fish were sacrificed on or before day 37, by which
time they had attained a considerably lower relative weight
(0.76) than those in the other three salinities. At the
previous weighing, on day 19, the trout in 32.5 p.p.t.
sea water had not shown any sign of more rapid weight loss.

With the exception of the 32.5 p.p.t./37 day point,
it was found that, over the period from 7 to 48 days, rate
of weight loss could be adequately described by a straight
line with the equation y = 0.9794 - 0.0019x (Fig. 10).
Between days 0 and 7, weight loss appeared to be somewhat
more rapid, with a gradient of 0.0048.

Experiment 2 (80-95 Qg): In this experiment, only two

weighings were made during the deprivation period, but, in
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the light of the results from Experiment 1, it was thought
that, although the results might well be describable by a
straight line intersecting the y axis at 1.00, it would be
more valid to assume a change of gradient at x = 7 days.

A regression was therefore calculated on the basis of the

23 and 48 day weighings and extrapolated to x = 7 days

(Fig. 11). On day 23, the result for 32.5 p.p.t. fell
within the 95% confidence limits of the remaining three
salinities but on day 48 the relative mean weight of fish

in 32.5 p.p.-t. sea water fell outwith these limits. The
calculated regression line therefore includes the 32.5 p.p.t.
result at 23 days, but excludes it at 48 days. The mean
relative weight of trout in fresh water, 7-5 p.p.t. and 15.0
p-p-t. fell to about 0.85 in 48 days, according to the
equation y = 0.9825 - 0.0028x, whereas that of trout
maintained in 32.5 p.p.-t. sea water fell to 0.77. Especially
if the results of Experiment 1 are considered, it cannot be
assumed that fish in 32.5 p.p.t. lose weight more rapidly
than fish in the other salinities throughout starvation.

It is clear, however, that over the period from days 20 to
48 rainbow trout in 32.5 p.p.t. sea water lose weight
considerably more rapidly than those in the other three
treatments. The fish in Experiment 2 (i.e. the smaller
fish) showed a significantly greater rate of relative

weight loss than those in Experiment 1 (t = 3*0000;

d.f. =14; p < 0.01).



FIGURE 11.

Relative live weight loss in rainbow

trout of 80 - 95 g maintained without

food in four different salinities

(y = 0.9825 - 0.0028x)

0O ...... fresh water
N 75 p.p.t
N 15.0 p.p-t
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3.6.2. Decrease in condition factor during fasting:
Condition factor, CF = L , where W is weight (g) and L
is fork length (cm) (Brown 1957). Condition factor was
calculated for each individual in starvation experiment (2)
at each weighing, and plotted against time (Fig. 12). There
is a significant decrease in mean condition factor, from
about 1.15 to about 0.96, with time of depletion.

(r = -0.9760; d.f. = 10; p < 0.001). Over the period
studied, the decrease was linear. Condition factor tended
to decrease more rapidly in trout maintained in 32.5 p.p.t.
sea water than in trout maintained in water of the three
remaining salinities, but this tendency was not statistically
significant. (The significance test employed was based on
individual determinations of condition factor and gave

t =0.5384; d.f. = 35; p > 0.05). A common regression
equation (Fig- 12) was calculated for all four salinities,

y = 1.1538 - 0.0040x.

3.6.3. Lipid and water content of certain tissues before
and during fasting:
(@ White epaxial muscle: Extracted lipids accounted for
an overall mean of 0.62% of the total wet weight of white
muscle tissue in the unstarved fish, which fell to an over-
all mean of 0.47% in fish which had been starved for 48 days,
(t = 2.1877; d.f. =33; P < 0.05). There was no signifi-
cant difference between salinity treatments either before
or during starvation.

In the same tissue samples, water content increased

from an overall mean of 77-7% to an overall mean of 78.8%
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3.6.2. Decrease in condition factor during fasting:
Condition factor, CF = — y- , where W is weight (g) and L
is fork length (cm) (Brown 1957). Condition factor was
calculated for each individual in starvation experiment (2)
at each weighing, and plotted against time (Fig. 12). There
is a significant decrease in mean condition factor, from
about 1.15 to about 0.96, with time of depletion.

(r = -0.9760; d.f. = 10; p < 0.001). Over the period
studied, the decrease was linear. Condition factor tended
to decrease more rapidly in trout maintained in 32.5 p.p.t.
sea water than in trout maintained in water of the three
remaining salinities, but this tendency was not statistically
significant. (The significance test employed was based on
individual determinations of condition factor and gave

t = 0.5384; d.f. =35; p > 0.05). A common regression
equation (Fig. 12) was calculated for all four salinities,

y = 1.1538 - 0.0040x.

3.6.3. Lipid and water content of certain tissues before
and during fasting:
(@ White epaxial muscle: Extracted lipids accounted for
an overall mean of 0.62% of the total wet weight of white
muscle tissue in the unstarved fish, which fell to an over-
all mean of 0.47% in fish which had been starved for 48 days,
(t = 2.1877; d.f. =33; p < 0.05). There was no signifi-
cant difference between salinity treatments either before
or during starvation.

In the same tissue samples, water content increased

from an overall mean of 77.7% to an overall mean of 78.8%



FIGURE 12.

The relationship between condition

factor (102 W) and duration of

fasting, at various salinities, in
rainbow trout of 80 - 95 g.

(y = 1.1538 - 0.0040x)
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during 48 days of starvation. With the exception of the
individuals maintained in 32.5 p.p.t. sea water, there was
again no significant difference between treatments. In

the case of the individuals kept at 32.5 p.p-t. epaxial
muscle water content fell from 78.3% on day 19 to 74.1% on
day 37, when the fish in this salinity were beginning to show
signs of distress and had to be sacrificed. This decrease
was significant (t = 3*4719; d.f. =8; p < 0.05).

The pooled results from individuals maintained in
fresh water, 7.5 p.p-t. and 15.0 p.p.t. indicate that there
is a statistically significant negative correlation between
water content and extracted lipid (r = -0.64; d.f. = 45;

p < 0.001) (Fig. 15b).

() Liver: There was no apparent trend for the weight
of the liver, either in absolute or in relative terms, to
change during 48 days of starvation. Extracted lipids,
however, fell from an overall mean of 1.83% to an overall
mean of 1.18% after 19 days of starvation. This decrease
is significant (t = 6.6420; d.f. = 38; p < 0.001).
Between days 19 and 48, there was a relative increase to
an overall mean of 1.35% (p > 0.05) (Fig* 14b). Salinity
did not affect extracted lipid estimates before or during
starvation.

Liver water content increased slightly (but not
significantly) during starvation, from about 75.0% to
about 75*5%, but the liver water content of individuals
iept in 32.5 p.p-t. sea water decreased from 75*0% on
day 19 to 74.0% on day 37 (p > 0.05). In the case of the

liver, there was no correlation between extracted lipid and
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FIGURE 13*

(@ n-hexane extracted lipid as % of
wet weight in epaxial white muscle
during fasting at various salinities

(mean + s.e.)

(b) water content of epaxial white
muscle during fasting at various

salinities (mean + s.e.)
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FIGURE 14.

(@ n-hexane extracted lipid as % of
wet weight of liver during fasting at

various salinities (mean + s.e.)

(b) water content of the liver during
fasting at various salinities

(mean + s.e.)

0 -.... TFresh water
0 ..... 7*5 p.p-t.
A

..... 15*0 p.p-t.
A .. 32*5 p.p-t.
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n-hexane extracted lipid as % of
total wet weight versus water content
as %. @ liver, (b) epaxial white

muscle.
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water content (r = 0.21; d.f. = 45; p > 0.05) (Fig* 15a)*
As in cod (Love, 1958), the gall bladder became noticeably-
distended during starvation and the bile assumed a denser
coloration than in normally-fed trout.

(c) Visceral adipose deposits: In starvation experiment 2
it was planned to study the depletion of visceral adipose
deposits during starvation at different salinities. In
practice, however, it was found that the initial deposits
in the individuals used in this experiment were not at a
sufficiently high level to make this study useful. Some
pilot observations, carried out on rainbow trout which had
either been starved or had been fed at several ration levels
over a long period, had indicated that lipid contents of up
to 40.6% of total gut weight could be expected. At the
beginning of starvation experiment 2, however, the mean
lipid store amounted to only 4.37 + s.e. 1.20. Lipid content
was determined as a percentage of the total fresh weight of
the alimentary canal, together with attached adipose
deposits. The liver and spleen were detached before
weighing and extraction. On the basis of the preliminary
observations, i1n which considerable variation had been
observed iIn visceral fat deposits in response to feeding
régime, it had been hypothesized that, as in brown trout
Salmo trutta (Swift, 1955), these deposits would constitute
important reserves of energy during depletion and would be
utilised iIn preference to lipids contained in other tissues
including liver and muscle.

There was a very highly significant correlation
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between extracted lipid and water content (both expressed
as % of total fresh weight) in the alimentary canal and

the associated adipose deposits (r = -0.99; d.f. = 60;

p < 0.001: vy = 94.42 - 1.16x where x is water content %
and y is extracted lipid ¥ (Fig. 16). These computations
were based on the combined results of the preliminary
observations, of starvation experiment (2)and of determin-
ations carried out on rainbow trout sampled from a
commercially-operated fish farm at Otter Ferry, Argyllshire.
Results from these three sources showed a high degree of
homogeneity. There appears to be a tendency for the rate
of decrease in lipid content with increase in water content
to decline when lipid content reaches about 2.0% (water

content = 79*5% approx.).

3.7. Keep-net; Airthrev Loch

In Fig. 17a,b mean length, mean weight and mean
temperature are plotted against time in days. Mean
temperature during the course of the period of study
varied between 3.12°C and 10.40°C. There was a tendency
for the variance about sample mean weights to increase with
time. This phenomenon was much more conspicuous in
controlled salinity/growth experiments, in which the growth
of complete experimental populations was studied, and can
be explained as the result of sustained individual differ-
ences iIn growth rate caused either by behavioural traits
or differences in the physiological capacity for growth.

Increase in both weight and length, as far as could be



FIGURE 16.

The relationship between extracted lipid
(as % of total wet weight) and water
content in the alimentary canal and
associated adipose deposits

(y = 94.42 - 1.16%)
e _._..Aquarium

0 ....Otter Ferry
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resolved in this series of observations, were unaffected

by temperature and could be expressed by straight lines.

It could be expected that this would not have bean the

case 1T an unlimited amount of food had been available; the
same absolute ration was, however, provided throughout the
period.

Mean length was related to time by the equation
y = 0.03x + 14.78 (where y is length in cm and x is time
in days). Weight was related to time by the equation
y = 0.25x + 40.94 (y is weight in Q).

Total live weight production over the growth period
was estimated from the weight/time regression, correction
being made for mortalities recorded during the 140 days
over which observations had been made. Dry weight
conversion efficiency (K*) was estimated on the basis of
water content analyses reported elsewhere in this thesis
(Appendix 3)*

y = 0.25x + 40.94
"y at time 0 = 40.94 g
where N is population no., N at time 0 = 150
/. estimated total wt at time O 6141 g

y at time 140 = 75*94

N at time 140 = 134
* estimated total wt at time 140 75-94 x 134
10.176 g
wt of mortalities and removals 783 g
’. Total live weight increase 10.176 + 783 - 6141 ¢
4818 ¢
Total food intake = 9,500 g

live weight = 0.5!

dry weight = 0.15



FIGURE 17. Growth of rainbow trout maintained

in a net enclosure in Airthrey Loch,

Stirling, (@ length (mean + s.e.)

(b) weight (mean + s.e.).
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3.8. Histology
3.8.1. Salinity
(@ Intestine.

Between 0.0 and 15.0 p.p-t. there was a positive
correlation between salinity and intestinal cross-sectional
area dﬁfz). This correlation was not statistically sig-
nificani at the 95% level. Between 15.0 p.p-t. and
32.6 p.p-t. there appeared to be no further increase in
cross-sectional area (Fig- 18). Between 0.0 and 15*0 p.p-t.
there was also a significant positive correlation
(r = 0.6457; d.f. =9; p < 0.05) between salinity and
the height of the villi which was not sustained over the
range 15.0 p.p-t. to 32.6 p.p-t. (Fig- 19).

The thickness of none of the tissue layers measured,
including the columnar epithelium and the tunica propria
[both of which were said by Virabhadrachari (1961) to have
increased iIn depth in Etroplus maculatus adapted to higher
salinities] appeared to be influenced by salinity (Table 5).
As far as could be seen at the light-microscope level, the
depth of the microvilli was also unaffected by salinity.

In certain of the trout acclimatized to 15.0 p.p.t. and
32.6 p.p-t. there was a high incidence of deep depressions
in the columnar epithelium (Plate 5). These depressions
were entirely lined with a “brush border® of micro-villi.
Some of those occupying only one cell-width had a mucus
cell at the base.

Salinity has a marked effect on the density of the
mucus cells. There is a significant (r = -0.9190;

d.f. =13; p < 0.001) negative correlation between salinity



PLATE 1. Transverse section of intestine showing
general structure.

a) serosa

b) itudinal muscle layer
c) ular muscle layer

d) tum granulosum

e) stratum compactum
) tunica propria
g) mucosa

Haematoxylin and eosin. x AO
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FIGURE 18.

Effect of salinity on the total cross-
sectional area (relative to the square
of fish length) of intestine and rectum
in fed and unfed rainbow trout

(mean + s.e.).

..-.. iIntestine fed
0 -... intestine unfed
| ---- rectum fed

O rectum unfed






FIGURE 19. Effect of salinity on the height of

the villi (relative to fish length)

in the intestine of fed and unfed trout
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FIGURE 20.

Effect of salinity on the density of

distribution of mucus cells in

sections of the iIntestine and rectum

(mean + s.e.).
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and number of mucus cells sectioned per 1000 pm. In
trout maintained in fresh water, there was a mean density
of 110 mucus cells per 1000 pm whereas in trout acclimatized
to sea water (32.6 p.p-t.) there was a mean density of only
36 per 1000 pm. Trout acclimatized to the two inter-
mediate salinities had intermediate mucus cell densities
(Fig.- 20, Plates 3 and 4).
(b) Rectum

The rectum was examined in detail only in the trout
maintained in fresh water and in 32.6 p.p.t. sea water.
In this part of the alimentary canal, as in the intestine,
the total cross-sectional area is greater in the higher
salinity (Fig. 18). No figure comparable with "height of
villi® in the intestine can be obtained for the rectum
because of its specialised structure. A muscular annulo-
spiral septum (Burnstock, 1959) (Plate 6) protrudes into
the lumen. However, in cases where responses to salinity
could be directly compared, intestine and rectum were
similar. The thickness of the tissue layers measured was
uninfluenced by salinity (Table 5). The mean density of
mucus cells was 60 per 1000 pm in fresh water and 37 per
1000 pm in sea water (32.6 p.p-t.) (Fig- 20). In both
salinities, mucus cells were more numerous and larger on
the distal edges of the annulo-spiral septum than in other
parts of the rectal epithelium.
(c) Oesophagus and cardiac stomach

The oesophagus and stomach were not visibly affected

by changes in salinity. The depth of those layers which



are also present in the intestine and the rectum, as well
as the depth of the gastric gland cell layer were unaltered.
The saccular mucus cells of the posterior oesophagus and
the columnar mucus cells of the cardiac stomach show no

change which is attributable to salinity.

3.8.2. Fasting
(@) Intestine

In fresh water, 7.5 p.p.t. and 15.0 p.p.t., there
was a marked decrease in intestinal cross-sectional area
after 48 days of food deprivation. This decrease was not
observed to occur in fish kept in sea water (32.5 p.p-t.)
(Fig- 20). The height of the villi showed a similar trend
towards a somewhat less marked decrease in fish acclimatized
to 32.5 p.p-t. sea water than in fish acclimatized to lower
salinities and to fresh water (Fig. 19). There was a
decrease in muscle cross-sectional area after 48 days of
starvation, again in all salinities except 32.5 p.p.t.
The thickness of the muscle layers, however, shows a
slight increase during fasting (Table 5). The stratum
compactum also increases in thickness in starved trout;
the stratum compactum is a dense layer of collagen shown
by Bumstock (1959) to have the effect of restricting the
extensibility of the gut. These iInstances of an increase
in the depth of a tissue layer suggest that much of the
decrease in the total cross-sectional area of the intes-
tine and the cross-sectional area of the muscular layer
are due to contraction rather than to tissue depletion.

There was no indication of any increase in extracellular



space after starvation. In fresh water, 7.5 p.p-t. and
15.0 p.p-t., the height of the columnar epithelial cells
was unaffected by starvation (Table 5)- In sea water
(32.5 p.p.t.), on the other hand, a considerable decrease
was recorded in mean epithelial cell height. The thick-
ness of other tissue layers showed no measurable change
after 48 days of starvation,
b) Rectum

The effects of starvation on the rectum are similar
to the effects on the intestine.
(c) Oesophagus and cardiac stomach

A 48-day period of starvation had little visible
effect on the histological structure of the posterior
oesophagus and the cardiac stomach. The stomach showed a
tendency to decrease in total cross-sectional area, but
the depth of those tissue layers examined, including the
columnar epithelial cells and the cardiac gland cells, was
unchanged. The height of the rugae did not show any

change which could be related to starvation.
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4. DISCUSSION

4.1. Effects of salinity on food intake

4.1.1. Chronic effects: In rainbow trout of 100-150 g,
acclimatised to various salinities, food intake was
significantly higher at intermediate salinities of 15.0
p-p-t. and 28.0 p.p-t. than at salinities of 0.0 p.p-t.

and 32.5 p.p-.t. A notably sharp decline in intake was
apparent between 28.0 p.p-t. and 32.5 p.p-t. Otto"s (1971)
data for Oncorhynchus kisutch indicate a comparable sharp
depression of food intake at salinities of above 10.0 p.p-t.
Throughout the course of pre-smolt development, this species
appears to show food intake optima at salinities of 5*0 -
10.0 p.p-t.

Cyprinodon macularius Baird and Girard (Kinne, 1960)
consumed the maximum amount of Enchytraeus in a salinity of
35.0 p.p.t., less in 15.0 p.p.t. and still less in 0.0 p.p.t.
Although Kinne did not quantify intake in 55-0 p.p.t., he
stated tentatively that intake at this salinity was lower
than at 35.0 p.p-t.

Nelson (1968) observed that the three-spined
stickleback Culaea inconstans fed more actively in 20.0%
sea water than in fresh water. In this species, there was
some feeding up to a salinity of 60.0$ sea water, but no
feeding in 70.0$% sea water [100.0% s.w. = 35-0 p.p.t.
salinity (Nelson, 1968)].

Despite high mortality (30% and 10%$ respectively)
at salinities of 5.0 and 12.0 p.p.t., there seems to be

little effect of salinity, between the limits 5.0 and
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37.5 p.p-t., on the food intake of Mugil auratus and Mugil
capito (Vallet et al .. 1970). Similarly, the food intake
of the estuarine flatfish Trinectes maculatus Bloch and
Schneider does not differ at salinities of 0.0, 15.0 and
30.0 p.p-t. (Peters and Boyd, 1972).

It is not easy to explain the chronic effects of
salinity on food intake in physiological terms and none of
the authors quoted has attempted to do so From the small
amount of data that is available, i1t can be seen that there
is considerable inter-specific variability in the food
intake response of fishes to salinity. The salinity of
maximum intake must depend initially on the degree of
euryhalinity shown by a particular species and, irrespective
of euryhalinity, on the particular narrow or broad range
of salinities to which it iIs adapted by genotype or by
previous history.

Two types of mechanism have been implicated in the
control of food intake in fishes:

(1) control of mass or volume by gastric stretch receptors
(Lepkovsky, 1948; Paintal, 1954; Brett, 1971a)

(2 control of chemical energy content (or nutrient value)
(Mayer, 1955; Rozin and Mayer, 1961).

Although Rozin and Mayer (1961) state that goldfish
increased their total food intake when their diet was
diluted with inert material (kaolin), recent work by Brett
and Higgs (1970), Brett (1971a) and Wallace (1973) suggests
that the more important control is the rate of evacuation
of the stomach.

In discussing the effect of salinity on food intake



in the fulfy-acclimatized fish, we should therefore consider
the possibility that stomach evacuation rate is affected

by salinity. This could occur in either of two ways:

(1) increased rate of clearance without an increase in
digestion rate.

(@ increased rate of clearance related to an increase in
digestion rate.

Results presented earlier in this thesis may favour
the first mechanism. (@ There is a decrease iIn absorption
efficiency with salinity. (b) There is an increase in
intestinal volume with salinity due probably to increased
osmoregulatory water intake, which may increase evacuation
rate by increasing the fluidity of the gut contents.

It is of interest that Bell and Razig (1973) have
shown that the osmotic concentration (which was experimentally
manipulated by NaCl and NaHCO™ dosage) of the calf®s abomasal
contents has a significant acceleratory effect on the rate
of abomasal emptying.

But the second mechanism (2) cannot be discounted.
Fish (1960) stated that gastric hydrochloric acid production
was very low in fasting perch (Perea fluviatilis) on first
feeding, unless Cl- ions were added to the diet in the form
of NaCl. This suggests that, in the perch at least,
dietary chloride may be a necessary supplement to chloride
absorbed from a chloride-poor external medium. The effect
of total 1i1onic concentration, or the concentration of
specific 1ons on digestive enzyme activity has not been
studied, but it has been shown that sodium chloride enhances

alkaline phosphatase activity in the hind-gut mucosa of



59

rainbow trout (Utida, 1967) and of the euryhaline eel
Anguilla _japonica and several other freshwater and marine
species (Utida and lIsono, 1967). This effect seems more
likely to be related to the osmoregulatory than to the

alimentary functions of the hind-gut.

4.1.2. Acute effects: Food intake was found to be adversely
affected by a sudden increase in salinity. This may have
been a result of factors other than the ability of the
alimentary canal to process food e.g. psychological effects
on behaviour patterns or physiological effects on activity
levels. Houston (1959) reported that transfer into sea
water from fresh water produced a marked depression in the
cruising speed of chum salmon (Oncorhynchus keta). with

almost complete recovery after 30 h.

4.1.3. Fluctuations in daily food intake: The existence

of a marked fluctuation in the food intake of various species
of fishes has been noted several times in the literature
(Pandian, 1967a; Ishiwata, 1969; Brett, 1971a; Solomon

and Brafield, 1972; Wallace, 1973). The finding of the
present study that food intake is not necessarily higher
after a longer period of starvation is in agreement with

the conclusions of Ishiwata (1969) and Brett (1971), the
latter of whom found that, in Oncorhynchus nerka, appetite
increases in sigmoid fashion with starvation, approaching a

plateau after 25-30 hours.
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4.2. Effects of salinity on food absorption efficiency

There was a significant linear decrease in dry matter,
energy and total nitrogen absorption efficiency with salinity
between the salinities of fresh water and 32.5 p.p.t.
Brocksen and Cole (1972) noted that the energy absorption
efficiency of corvina (Cynoscion xanthulus) fed on shrimp and
squid decreased on either side of an optimum salinity, from
72% in 37.0 p.p.t. to 66% in 28.0 p.p-t. and 59% in 45.0 p.p-t.
These figures are markedly lower than those found by other
workers in similar "natural food" systems (e.g. Pandian,
1967a; Wallace 1973) who reported no values below 86%.

The fresh water absorption efficiencies measured in
the present study are closely comparable with those found,
for various species, by other authors. For energy, p = 0.91
(91%) and for total nitrogen p = 0.96 (96%). Some previous
results are presented in table form for comparison (Table 6).

In the present study, the absorption of total nitrogen,
rather than protein nitrogen was measured because
(@) there is likely to be little indigestible nitrogenous
material, e.g. chitin, in the consumed food in comparison
with those cases in which live arthropod food material was
utilised (e.g- Gerking, 1952, 1955; Pandian, 1967a),

(b) digestible or soluble non-protein nitrogen compounds
(e.g. amino acids, ammonium salts) may be nutritionally
important (Maynard and Loosli, 1962), and

(c) where both total nitrogen and protein nitrogen absorption
efficiencies are calculated, there is little difference
between them, even iIn the case of natural feeding (Pandian,

1967a) .



Author

Gerking, 1952

ft
1955
1964
1967a

Gerking,
Davies,
Pandian,

ft

Birkett, 1969

Beamish, 1972

Brocksen and Cole, 1972

Kelso, 1972

Solomon and
Brafield, 1972

Wallace, 1973

TABLE 6

Species

Lepomis megalotis megalotis
Lepomis cyanellus
Lepomis macrochirus
Carassius auratus
Megalops cyprinoides
Ophiocephalus striatus
Perca fluviatilis
Pleuronectes platessa
Solea vulgaris
yearling P. platessa
Micropterus salmoides

Cvnoscion xanthulus
Stizostedion vitreum vitreum

Perca fluviatilis
Blennius pholis

A survey of absorption efficiency results

Food

Tenebrio molitor (mealworm)

ft

ft

Enchytraeus albidus (whiteworm)
Metapenaeus monoceros (prawn)

ft
Lumbricus sp. (earthworm)
Arenicola marina (lugworm)

ft
Artemia salina (brine shrimp)

Nototropis atherinoides
(emerald shiner)

shrimp and squid
Gammarus lacustris
Oronectes virilis (crayfish)
Nototropis atherinoides

Perea flavescens

Gammarus pulex
squid

Absorption Efficiency

energy protein N  total N

- 97% -

96% -

, 97$ -
92-94% - -
86-98% 95-99% 92-98%
87-93% 96-99% 93-97%

- 0.963
- . 0.918
- 0.850
- - 0.960

903 96% -

59-72% - -
82% - -
843 - -
98% -
97$ - -

84-87% - -
96%

a range of fish species and diets.
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Faeces were collected every second day. Davies
(1964) has indicated that over periods considerably longer
than this (21 days), and at higher temperatures (12.5 and
21.5°C as opposed to 10.0°C) dissipation of energy by micro-
organisms was negligible. In the case of nitrogen
absorption efficiency measurements, the egestion of meta-
bolic faecal nitrogen (i.e. mucus, digestive enzymes, gut
epithelial cells) constitutes a source of error which is
difficult, although not impossible (Ogino et al.. 1973) to
quantify. According to Maynard and Loosli (1962), however,
the error is small (about 0.1% of total dry ingested food
in mammals).

It is possible that some of the increase in faecal
nitrogen content with salinity (from 2.46% of dry weight
in fresh water to 3.49% in 32.5 p.p.t. sea water) may be
due to an increase in metabolic faecal nitrogen production;
but it seems likely that most of it results from a real
decrease in absorption.

In relation to experiments where food intake was
allowed to vary in response to salinity, it is important to
note that absorption efficiency appears to be little
affected by ration size (Gerking, 1952; Pandian, 1967c;
Beamish, J.972; Kelso, 1972; Wallace, 1973)«

The increase in the ash content of the faeces with
salinity can be related to the osmoregulatory function of
the intestine, although there may be a small contribution
from solutes diffusing into the faeces from the medium.

Shehadeh and Gordon (1969) have shown that the faecal mucus
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of rainbow trout in sea water contains a precipitate of
calcium and magnesium carbonates. This precipitate was
visible iIn the intestinal mucus defaecated by fasting
trout in sea water.

The observed decrease in absorption efficiency with
salinity may be related In some way to osmotic and ionic
regulatory processes in the intestine. It has been
reported (Conte et al.. 1973) that protein synthesis in
Artemia salina (brine shrimp) nauplii is inhibited by
elevated concentrations (> 0.25 M) of sodium chloride in
the external medium. The authors suggested that there
was competition between protein synthesis and osmotic
and ionic regulation for available energy (in the form of
ATP). It is recognised that alkaline phosphatase is
implicated both in protein absorption (Tuba and Dickie,
1955) and body fluid regulation (Utida, 1967; Utida and

Isono, 1967) .

A.3. Effects of salinity on food conversion efficiency

Canagaratnam (1959) tabulated the sizes attained by
several species of fish which are found in both salt and
fresh water, and demonstrated the larger mean size of the
marine inhabitants. Under natural freshwater and saline
conditions, however, salinity is confounded with such
variables as temperature and - probably an even more potent
factor - food supply.

In the present study, temperature and diet were con-

trolled. In cases where the fish were fed to satiation,
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food intake, as indicated by results described earlier,
did not vary sufficiently to have a measurable effect on
conversion efficiency.

There is no evidence for an optimization of conversion
efficiency (K or K2) at salinities above that of fresh
water . In rainbow trout of the 0+ year-group from
50-95 g in weight (Group 1), K decreases with salinity
over the whole range of salinities from 0.0 to 32.5 p.p.t.,
falling most sharply between 28.0 and 32.5 p.p-t. In
individuals of the 0+ year-group from 80 to 155 g in weight
(Group 2), remains constant over the salinity range
0.0 - 28.0 p-p-t., but falls sharply and significantly
between 28.0 and 32.5 p.p.t. This relatively abrupt drop
in conversion efficiency between 28.0 and 32.5 p.p-t. in
both groups is coupled with a drop in appetite over the
same salinity range. Interesting in this regard is
Madan Mohan Rao®"s (1971) result that only at 30.0 p.p-t.
did size affect the relationship between oxygen consumption
and salinity. There is, however, no evidence from the
present study that conversion efficiency at 32.5 p.p.t. was
affected by body weight. For Group 1 , = 0.14, and
for Group 2 ,KN = 0.12.

In Group 3 ,which was made up of trout of the 1+
year-group, the results do not include the full range of
salinities. Those results that are available indicate
that there was no significant correlation between conversion
efficiency and salinity over the range from 0.0 to 28.0
p-p-t. The mean conversion efficiency K dry weight) is,

however, significantly lower than that of the other groups.
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Although the fish comprising this group were of similar
weight to those in Group 2 , they were one year older

(1+ year-group). There is a tendency for the growth
capacities of fishes to decline with size, age, and sexual
maturity (Brown, 1957). The males iIn this group had
well-developed gonads, and visual observation indicated
that more aggression was displayed among this group than
among younger and less mature fishes of the same size.

The presence of a significant negative correlation
between salinity and conversion efficiency in Group 1 fish,
compared with the absence of correlation in Group 2, may
bear some relation to the results of Parry (1958,60) and
Conte and Wagner (1965) who found that the salinity
tolerance of three salmonid species (Salmo salar, Salmo
trutta, Salmo gairdneri) increases with size. Two
explanatory hypotheses (Parry, 1960) seem plausible;

(1) that there is a decrease in the surface/volume ratio
with size, (2) that there is an increase in the absolute
capabilities of osmotic and ionic regulatory mechanism
with size-

The general level of dry weight conversion efficiency
K~ = 0.20) is within the range quoted by the feed manu-
facturers, and compares favourably with results obtained
in studies using "natural®™ food materials. Energy conver-
sion efficiency is slightly higher and nitrogen conversion
is significantly higher (p < 0.01). Mean for nitrogen
is about 0.30, which approaches the upper end of the range
of values reported by Pandian (1967) for Megalops cvprinoides

and Qphlocephalus striatus fed on live prawns Metapenaeus



monoceros. In the former species, K (nitrogen) fell
from 0.34 (34.2%) in a 1.4 g individual to 0.20 (19-5%)

in a 149.6 g individual, while, in the latter species, K
fell from 0.36 (36.1%) in a 1.9 g fish to 0.14 (14.0%) in
a 123-8 fish.

In the case of bluegill sunfish Lepomis macrochirus
(Gerking, 1971) fed on Tenebrio molitor larvae (mealworms),
optimum nitrogen conversion efficiency varied from about
0.39 (3 for a 13.9 g individual to 0.10 (1Q%) for an
85.2 g individual. In the present study, the size range
was limited, but there was a tendency for K» to be slightly
(but not significantly) higher in the 50-95 g range than in
the overlapping 80-155 g range. In terms of physiological
age (which, in fish, is related within any one species to
size rather than to chronological age) a given weight
range in the case of rainbow trout will not be equivalent
to the same absolute weight range in species of different
growth rate or different maximum size such as those studied
by Pandian (1967) and Gerking (1971).

In the present study, because of the high efficiency
with which all measured food components were absorbed, K2
was always only slightly higher than K~ The very small
difference in gradient between the curves of and K2
versus salinity illustrates the relatively minor effect
on conversion efficiency of the statistically significant
effect of salinity on absorption efficiency.

Like the effect of salinity on food intake, the
effect of salinity on conversion efficiency varies much

from species to species. Canagaratnam (1959) measured the
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growth rate of 0+ coho, chum and sockeye salmon and adult
goldfish in fresh water and in water of several salinities
(6.0, 12.0 and 18.0 p.p-t.) under aquarium conditions.

The salmon fingerlings exhibited a faster growth rate in
salt water, reaching a maximum at 12.0 p.p-t. Goldfish
maintained at salinities of 0.0 and 6.0 p.p-t. showed no
difference in growth rate. The salmon were fed at a rate of
10.0% of body weight per day and, assuming that the ration
was consumed equally in all salinities, an increase in
growth rate would appear to result from an increase in
food conversion efficiency.

The results of Otto (1971), who also worked with pre-
smolt coho salmon (Oncorhynchus kisutch), are in partial
agreement with those of Canagaratnam (1959). Ootto found
that the highest conversion efficiencies (K") were observed
at salinities of 5.0 and 10.0 p.p.-t. and that, during
most of the year, conversion efficiency was lowest at
15.0 p.p-t. As the fish increased in size, approaching
the stage at which their seaward migration would take
place, the conversion efficiency exhibited by individuals
in fresh water became relatively lower in comparison with
those exhibited by individuals In intermediate salinities.

Saunders and Henderson (1969a,b,c) found, on the
other hand, that Atlantic salmon Salmo salar held in
fresh water beyond the smolt stage grew at similar or
higher rates than individuals of similar size and physio-
logical states transferred into the brackish water or
full strength sea water to which they were now adapted.

In parr of this species, growth rate was not markedly
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affected by salinity, up to 22.0 p.p-t., where growth was
reduced. Fry grew most rapidly in a salinity of 6.0 p.p-.t.
Like Canagaratnam (1959), Gibson and Hirst (1955)
studied growth rate (in the guppy Lebistes reticulatus)
without calculating conversion efficiency. Unlike
Canagaratnam, however, they did not indicate the amount of
food supplied to their experimental animals, making it
impossible to make a reliable estimate of the effect of
salinity on conversion efficiency. They found that the
guppy grew more rapidly (at all temperatures investigated)
in 25% sea water than in fresh water. Individuals
maintained in 50% sea water at 20°C showed an even greater
rate of growth, but the authors admit that this could
have been an artefact of their experimental design; one
pregnant female guppy had been placed in each of a series
of tanks kept at 20, 23, 25, 30 and 35°C, and their families
maintained at these same temperatures in fresh water and
25% sea water. Two families were maintained in 50% sea
water at 20 and 25°C. Differences in experimental treat-
ment are therefore confounded with differences in genotype.
Kinne (1960) found that, at 30°C, Cyprinodon macularius
showed its maximum conversion efficiency (K dry weight) at
15.0 p.p-t., and conversion efficiency decreased in the
order 15.0, 35.0, 0.0 p.p-t. Mean conversion efficiencies
at 30°C were 0.14 (14.4%) in 15.0 p.p.t., 0.11 (10.6%)
in 35.0 p.p-t. and 0.09 (8.8%) in fresh water. Food in-
take was permitted to vary, producing maximum growth rates
in 35.0 and 55.0 p.p-t. at temperatures of 25, 30 and 35°C

and in fresh water at 15° and 20°C, showing a marked inter-



69

action between salinity and temperature.

Later, Kinne (1962) reported that Cyprinodon
macularius from eggs hatched in the spawning salinity had
higher growth rates and conversion efficiencies than
individuals from eggs transferred 3-6 hours after
insemination into a different salinity. The author related
his results to known and hypothetical post-fertilization
changes which may contribute to the establishment of
"irreversible non-genetic adaptations® to salinity. Differ-
ences in growth rate were maintained after sexual maturity
but, because of variation in reproductive performance with
salinity (a larger number of eggs were produced in 15.0
and 35.0 p.p-t. than in 0.0 p.p-t.),conversion efficiency
was more difficult to monitor.

The ability of Cyprinodon macularius to tolerate
transfer into different salinities decreases with increasing
age. This contrasts with the situation in those salmonid
species which have been examined (Parry, 1958, 1960; Conte
and Wagner, 1965; Otto, 1971).

Tilapia mossambica fry were maintained by
Canagaratnam (1966) in salinities of 0, 25, 50, 75 and
100% sea water (100% = 35.0 p.p-t.); growth rates (on
a 10% daily ration) were maximal and closely similar in
50 and 75% sea water, Tfollowed by the growth rates in
100%, 25% and fresh water iIn that order. Chervinski
(1961), on the other hand, found that there was no signifi-
cant difference between the growth rates, in fresh water

and 25% and 50% sea water, of the closely related species
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Tilapia nilotica.

The conversion efficiency exhibited by sargo
Anisotremus davidsoni sampled from the Salton Sea
(salinity = 37.0 p.p-t.) in California has been shown by
Brocksen and Cole (1972) to be highest at a salinity of
33 p.p-t., Talling rapidly on either side of this salinity.
As these authors point out, the sargo is an oceanic species,
and isadapted to salinities of this order.

Peters and Boyd (1972) have indicated that the
migratory pattern of the hogchoker Trinectes maculatus
paradoxically brings this species into environmental
conditions where growth rate and conversion efficiency are
below the optimum. As in Cyprinodon macularius (Kinne,
1960, 1962) the food conversion efficiency of this species
is affected by a marked temperature-salinity interaction.
At 15°C, varies from 0.21 at 0.0, through 0.41 at
15.0 p.p-t. to 0.47 at 30.0 p.p-t. The corresponding
figures for 25°C and 35°C respectively are 0.23, 0.25 and
0.27 and 0.25, 0.20 and 0.18.

Vallet et al. (1970) maintained young Mugil auratus
and Mugil capito for 11 days at 16°C in salinities of
5.0, 12.0, 20.0 and 37.5 p.p-t. A ration close to
maintenance in 37-5 p.p-t. (3-3 g dry wt per 100 g live
fish weight per day) produced weight increments of 3.0
and 2.4% in 20.0 and 12.0 p.p.-t. respectively, and a weight
loss of 6.2% in 5.0 p.p-t. Conversion efficiencies (K9
at the two salinities where weight change was positive

(12.0 and 20.0 p.p.t.) were 0.11 (10.7$) and 0.09 (9-0%)
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respectively. These salinities are close to the salinity
at which Mediterranean mullet are usually found during
their fastest-growing phase.

As iIndicated in the introduction to this thesis,
the major physiological determinant of conversion effic-
iency is metabolic energy expenditure. The higher the
proportion of food energy dissipated in processes other
than growth, the lower is food conversion efficiency.

As is to be expected, therefore, most of such discussion
as there has been on the effect of salinity has centred

on the effect of salinity on metabolic energy demands.
Conversion efficiency is assumed to be highest where the
energy requirements of osmotic and ionic regulations are
least. Paloheimo and Dickie (1966a,b) reanalyzed Kinne"s
(1960, 1962) data to provide more information on its meta-
bolic implications. These authors demonstrated that
temperature affected only the rate of energy turnover,
whereas salinity affected the partitioning of energy
between growth and catabolism. They also calculated that,
in low salinities, small Cyprinodon macularius were less
able than larger individuals to maintain their conversion
efficiency.

The results summarised above, together with the
results of the present study, indicate that there is
little basis for assuming that food conversion efficiency
is necessarily highest at the isosmotic point. There is
evidence that the effect of salinity on conversion effic-
iency is profoundly modified by non-genetic adaptation

(Kinne, 1962), genetic adaptation to the salinity of the
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normal habitat (Brocksen and Cole, 1972), ontogeny and
growth (especially in the case of migratory species)
(Otto, 1971) and temperature (Kinne, 1960; Peters and
Boyd, 1971). There are also cases (Chervinski, 1961,
and the present study) where salinity, between fairly
wide limits, may have little or no effect on conversion
efficiency, at least over a certain size range; perhaps
these could be said to be the species best adapted for
euryhalinity in that they show the greatest measure of
independence from environmental salinity.

Respirometric studies of the effect of salinity on
02 consumption bear out the evidence of the conversion
efficiency results that it is not always the case that
metabolic requirements are least in an isosmotic external
medium. These studies also demonstrate that there may be
little support for the conclusion of Canagaratnam (1959)
that fishes of a given species grow faster iIn sea water
because of “the higher osmotic content of the medium.*
There is certainly no evidence that marine fishes iIn sea
water have metabolic requirements any different from those
of freshwater fishes in fresh water. Winberg (1956)
combined the results of earlier workers in equations
which summarise the metabolic rate/weight relationship in
marine and freshwater fishes:

_ _ 0 70
“for marine fish, Q = 0.321 WO 81
for freshwater fish, Q = 0.297 W

It is hardly necessary to prove once again that
there is not the slightest reason to ascribe any
significance to the small differences between the
parameters of these two equations, which summarize
the results of much work done by many authors,

working independently at different times, and in
different countries.



The question of the relative metabolic rate of

marine and freshwater fishes, which has excited

a vast amount of discussion, can be regarded as

solved. The average level of metabolism is the

same in marine and freshwater fish."

There is also evidence to indicate that the 02 con-
sumption rate of a number of euryhaline species may be
unaffected by salinity. Winberg (1956) cites some
earlier workers who failed to demonstrate any significant
long-term changes in 02 consumption at different salinities
(Raffy, 1932; Keys, 1931; Schlieper, 1936; Maloeuf,

1937; Markova, 1949), although there was usually a pre-
acclimation change. This highlights the importance of
specifying whether an experiment is carried out on
acclimated or non-acclimated individuals. Raffy (1933,
1955) working with Pleuronectes platessa and Gordon et al.
(1965) working with Periophthalmus sobrinus also found that
salinity had no effect on 02 consumption. When the eury-
haline freshwater teleost Etroplus maculatus was suddenly
transferred from fresh water to salinities of 9*7, 19.4
and 32.4 p.p-t., there was no significant change in 02
consumption (Parvatheswararao, 1965).

In some cases, a higher 02 consumption was found in
sea water than in water of lower salinities and fresh water.
Job (1959) found that the marine catfish Plotozus anguillaris
had a higher respiratory rate iIn sea water than in water of
lower salinities. Hickman (1959) recorded that when
both Platichthvs stellatus and Citharichthvs stigmaeus were

transferred to fresh water from sea water there was a

long-term decrease in 02 consumption.
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In the case of corvina (Cynoscion xanthulus) from
the Salton Sea, California, Brocksen and Cole (1972)
showed that 02 consumption at either 29-0 p.p.-t. or
45*0 p.p.t. was higher than that at the salinity (37.0
p-p-t.) to which the fish is accustomed.

Job (1969) measured the routine metabolism of
Tilapia mossambica in fresh water and at salinities of
12.5 and 30.5 p.p.t. and stated that 5 g fish tended to
have their minimum 02 consumption at 12.5 p.p.t., whereas
80 g fish tended to have their maximum at this salinity.

Muir and Niimi (1972) studied the effect of salinity
on the 02 consumption of the euryhaline Hawaiian reef
fish, Kuhlia sandvicensis. A 30 g individual of this
species had an active (maximum sustained swimming speed)
oxygen consumption about 12% higher in water of 32.0 p.p-t.
than in fresh water, whereas standard oxygen consumption
was only about 6% higher in sea water. In neither case,
however, was the difference significant.

It is noteworthy that, in the only two species in
which respiratory rate was found to be markedly lower at
or near the isosmotic point, the respirometry was carried
out at an enforced high level of activity. Farmer and
Beamish (1969) measured the oxygen consumption rate of
Tilapia nilotica for a range of swimming speeds (30, 40
and 50 cm sec-1 in fish of 60 - 120 g) in salinities of
0.0, 7.5, 11.6, 22.5 and 30.0 p.p-t. Respiratory rates
at 0.0, 7.5 and 22.5 p.p-t. were approximately equal. The

minimum respiratory rate occurred at 11.6 p.p.t. and the
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maximum at 30.0 p.p-t. It was concluded that the amount
of energy required for osmoregulation was minimal in the
near absence of an osmotic gradient (11.6 p.p.t.) and
maximal when the osmotic gradient was at its highest
(30.0 p.-p-t.). Farmer and Beamish (1369) estimated that,
at a salinity of 30.0 p.p-t., 29% of the total metabolism
and, at 0.0, 7.5 and 22.5 p.p-t., 19% of the total meta-
bolism was involved in ionic and osmotic regulation.

Madan Mohan Rao (1968, 1971) stated that the minimum
oxygen consumption of rainbow trout, Salmo gairdneri (23 -
196 g) occurred at a salinity of 7.5 p.p.t. This salinity
is approximately isosmotic with the plasma of the Ffish
(Madan Mohan Rao, 1969). The highest oxygen consumption
was measured at 30.0 p.p-t. Intermediate, and approximately
equal, values were obtained in fresh water and 15.0 p.p-t.
Taking the 7.5 p.p.t. value as the base-line, the author
estimated that the energy requirements of ionic and osmotic
constitute about 20% of the total metabolism in fresh
water and 15.0 p.p-t., and 27% in 30.0 p.p-t. As Madan
Mohan Rao (1968) pointed out, the increase in respiratory
rate was not proportional to the increase in osmotic
gradient.

When oxygen consumption was extrapolated from active
to standard, in the studies of both Madan Mohan Rao (1968,
1971) and Farmer and Beamish (1969), the difference between
respiration rates at different salinities was considerably
less marked. Standard rate may be more applicable to

both field and fish-farm conditions than the high levels
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of activity on which the conclusions of these two studies
are based (Young et al., 1972; Holliday et al., 1974)

Chervinski®s results (1961) indicate that, in the
case of Tilapia nilotica, there was no measurable effect
of salinity (fresh water, 25% and 50% seawater), through
conversion efficiency, on growth.

It should be possible to calculate expected conver-
sion efficiencies in Salmo gairdneri on the basis of Madan
Mohan Rao"s (1968) metabolic estimates. It has been shown
that metabolic rate can be estimated from growth rate
(Winberg, 1956; Paloheimo and Dickie, 1965) by the

following equation:

where T is total metabolic rate
R is energy equivalent of consumed rations per
unit time
W is energy equivalent of weight

t is time.

Conversion efficiency (K-~ has already been defined as
. AW
Ki ~rlE @

from equation 1,

From the metabolic figures of Madan Mohan Rao (1968)
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if at 7.5 p.p.t. KI = 1 - ;
then at 0.0 p.p.t. Ki = 1 1-55 T
at 15.0 p.p-t. Ky =g 12T
and at 30.0 p.p.t. == 1-37 T

IT, like Madan Mohan kao (1968) we take at 7-5 p.p-t.
as the base-line, then, for O+ rainbow trout 90-155 ¢

mean weight, for a given ration at 7.5 p.p.t.,

K~ (energy) = 0.22
ie. 1 - | = 0.22
| =0.78
> at 0.0 p.p.t. and 15.0 p.p.t., =1 - -
- 1. 098
= 0.02
and at 30.0 p.p.t. =1 - T

-0.07 (i.e. sub-

maintenance)

The results from active respirometry and the results
from growth experiments in which the trout were at a
routine level of activity are thus patently not in good
agreement. It appears from our conversion efficiency
results with Salmo gairdneri at different salinities that
the energy requirements of osmoregulation, at least in
individuals above about 80 g in weight, were insufficient
to have an important effect on conversion until 28.0 -

32.5 p.p.t., when there was a sudden decrease in K~.
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In smaller individuals there seemed to be a gradual
decline over the salinity range 0.0 - 28.0 p.p-t., which
did not, however, seem to be simply related to the osmotic
gradient.

There is evidence that passive mechanisms may be
important in osmotic and ionic regulation in fishes.

Gordon (1963, 1964) found that total and transintegumentary
Cl- exchanges in the rainbow trout were not proportional

to the osmotic gradient and concluded that permeability
changes - not necessarily involving significantly increased
energy expenditure - may constitute an important part of the
process of adaptation to a change iIn salinity. Motais

et al. (1966) review evidence for an “exchange diffusion
effect” and changes in integumentary permeability in
response to changes in external salinity in fishes and
other aquatic animals.

The osmoregulatory energy requirements at different
salinities should not be regarded as the only possible
mechanism by which salinity can affect conversion
efficiency. Oxygen concentration is inversely related
to the concentration of other solutes. Several instances
are cited in Warren and Davis (1967) (Hermann et al., 1962;
Stewart, 1962; Fisher, 1963) of a decline in growth rate
with a slight decrease in water oxygen concentration, but
this decline was largely a result of depressed food
intake and only below 4 mg.l1-~ was a decrease in conversion
efficiency noted (at 20°C, 1iIn sea water, oxygen saturation
=7.5mg.1"1).

Spontaneous activity influences conversion. Kinne
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(1960) recorded the spontaneous activity of Cyprinodon
macularius at different salinities and reported that there
was no significant effect of salinity on spontaneous
activity levels. Holliday (1969) suggested that the
higher specific gravity of sea water may reduce the
amount of energy required by a fish to maintain its position
in the vertical plane. This saving of energy may be
quantitatively more important to larvae than to adults
with fully-developed swim-bladders. It cannot be ruled
out that the process of conversion of absorbed nutrients
to body substance is affected at the biochemical level by
a change in the concentration or turnover of ions or water
in different environmental salinities (Conte et al., 1973).
Salinities of up to 28.0 p.p-t., which are likely to
be encountered frequently by trout farmed under sea-loch
and estuarine conditions, have no significant effect on
conversion efficiency in rainbow trout of the size range
examined, while salinities of above 28.0 p.p-t. appear to
have a detrimental effect. From the point of view of
conversion efficiency, taken in isolation, there seems,
therefore, to be no advantage in producing rainbow trout
in sea water rather than fresh water. It may be, however,
that the increased food intake observed at salinities of
between 7.5 and 28.0 p.p-t. could be exploited to increase
the throughput of a rainbow trout production unit and,
hence, to allow more efficient use of capital equipment.
Further laboratory experiments are necessary on the

effects of temperature and fish size on the relationship



80

between salinity and growth. It might also be instructive
to investigate the effects on growth of adding fresh water
to the pelleted diet in salinities above 28.0 p.p.-t. This
may have a sparing effect on the trout"s osmoregulatory
load in these salinities. To test the applicability of
the present results to the commercial situation, pilot-

scale farm experiments would be necessary.

4.4. Effects of food intake on conversion efficiency

Over the range of food intakes studied, there was
a linear relationship between growth rate (% increase per
week) and ration (% dry weight per week). This suggests
that there was no discernible tendency for absorption or
assimilation to be adversely affected by the level of
intake. A similarly linear relationship between growth
and intake has been noted by other workers in the case of
both nitrogen (Birkett, 1969; Gerking, 1971) and total
food (Warren and Davis, 1967; Brett, 1969; Brett, 1971b).
This relationship persists even at food intake levels
which allow loss of weight (or nitrogen, Gerking, 1971),
making it possible, as has been done in this study (Fig. 8)
to interpolate the maintenance ration (Brett, 1969, 1971b).

From their reanalysis of the data of a number of
other workers (Dawes, 1930-31a,b; Surber, 1935; Pentelow,
1939; Tunison et al., 1939; Phillips et al., 1940;
Gerking, 1952; Karzinkin, 1952; Baldwin, 1956;
Hatanaka et al., 1956a; Menzel, 1960; Kinne, 1960, 1962),
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Paloheimo and Dickie (1966b) made the generalization that
conversion efficiency and ration are inversely related.
Brown (1946b, 1957) also indicated that conversion
efficiency was at a maximum at near-maintenance food
intake levels.

Brett et al. (1969) considered that the data used by
Paloheimo and Dickie (1966b), to show that conversion
efficiency decreased when rations were increased, were
unsuitable because most of them were obtained from fishes
fed at supra-optimal rates. In the present study, it was
found that conversion efficiency increased rapidly from
the maintenance ration up to a ration of about 15% body
weight per week and then increased less rapidly up to the
highest ration provided (38% per week), according to the
equation y = 0.2115 - where y is conversion
efficiency and x is ration (Fig.- 9). According to this
equation, conversion efficiency would approach a maximum
of 0.2115, but in practice, because of the constraints of
maximum food intake and the rates of digestion, absorption
and assimilation, this value would not be attained.
Pandian and Raghumuraman (1972) found that conversion
efficiency in Tilapia mossambica increased to a maximum
(2UW) at a ration of 58 mg food g-1 Fish d-1, then fell
precipitously to k¥% at 65 mg g-1d-1, which was the maximum
intake attained under the existing environmental
conditions.

The results obtained by most other recent workers on

laboratory-fed fishes support the conclusion of the present



study that, between broad limits, conversion efficiency
increases with food intake. Gerking (1971) found, 1in

the case of bluegill sunfish Lepomis macrochirus, that k&
was related to ration (X) by an equation of the same form
as that determined for rainbow trout in this study, 1i.e.

KN = "N + b On theoretical grounds, this equation would
be expected to describe the K-~/ration relationship in all
cases where there is a rectilinear relationship between
growth rate and ration. The values attributable to the
parameters a and b would depend on experimental conditions.
The results of Brett (1971b) suggest that, in Oncorhynchus
nerka. the relationship between ration and gross conversion
efficiency is of this form, with the parameters of the
equation being influenced in this case by the nature of
the diet. Pandian (1967c) found a rapid increase in
conversion efficiency in Megalops cyprinoides up to an
intermediate ration level, above which the rate of iIncrease
fell. Pandian and Raghumuraman (1972) obtained similar
results for Tilppia mossambica. Kelso (1972) found that
efficiency changed little with ration between certain limits,
but above a ration of 5-69% of body weight per day, there
seemed to be a sudden decline.

Winberg (1956) demonstrated that the equation:

T-pPR-H
gives an estimate of T which closely approximates values of
T obtained by direct respirometry.

T is total metabolic rate,

R is energy equivalent of consumed rations,
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p is a correction factor for the conversion of
consumed to absorbed rations.

Respiratory measurements are usually carried out over
a very short period compared with the life-span of the
fish. The close correspondence between T values from
growth/food intake and oxygen consumption experiments
makes it possible to obtain long-term estimates of T from
measurements of growth and food intake under laboratory
or field conditions.

In the present study, oxygen uptake has been shown
to be related to food intake, under the particular

conditions of the experiment, by the equation:

T = 13.47x + 14.85
where T is total metabolic rate in mg 02 kg-1h-1
and x is ration as % dry weight per week.

From this equation, it was estimated that oxygen
uptake increases by 8.25 times, from 64 mg 02 kg ~h ~ to
527 mg 02 kg-1h-1, when food intake increases by 10.5 times
from weight maintenance level to maximum food intake level.
One of the errors of this method of estimation is that
oxygen uptake below the maintenance level is likely to
be underestimated because, although weight is being
gradually lost, the chemical energy content of unit
weight of fish is being reduced by the depletion of energy-
rich compounds and an increase in water content. This
would have the effect of artefactually increasing the
gradient of the estimated oxygen uptake/ration curve.

Davis and Warren (1965), working with Cottus perplexus,
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found that respiratory energy losses increased by 4 times
from maintenance to maximum ration levels. Paloheimo and
Dickie (1966a) investigated the relationship between food
intake and metabolism in the data of Dawes (1930-31b)
Pentelow (1939) and Gerking (1955) and found that there
was an increase in metabolic rate of 4-5 times with the
increase from maintenance to unrestricted rations. This
is equivalent to an increase from "standard® to “active”
metabolism as measured in terms of oxygen uptake. Warren
and Davis (1967) define standard metabolic rate, after
Beamish (1964) and Brett (1964) as "the metabolic rate of
an unfed fish whose activity has been projected to the zero
level on a graph of the relationship between its metabolic
rate and its activity level." Pandian (1967c) found that,
for an increase of about 250% in ration, there was a 175%
increase in metabolism. This increase is, proportionately,
approximately equivalent to the estimates obtained in the
present study, but the absolute increase in this case is
considerably higher than that recorded in Pandian®s
experiments. The estimated rise in metabolic rate, at

a mean temperature of 6.25°C, from conversion efficiency
measurements is somewhat higher than would be predicted
from the oxygen consumption measurements (at 5°C) of

Madan Mohan Rao (1968, 1971) on the same species, Salmo
gairdneri. The estimated rate at maintenance (64.0 mg
02 kg-~h-7) is, however, close to Madan Mohan Rao"s
measurement of the standard metabolism of rainbow trout,
but, whereas the latter author recorded an increase in

metabolism of about 6 times at maximum swimming speed,the
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calculated Increase in the present study was 8.25 times.

A further comparison with both this thesis and the results
of Madan Mohan Rao (1968, 1971) is provided by the work
of Dickson and Kramer (1971) who reported rises in
metabolism from 36 to 384 mg 02 kg-1h-1 at 5°C and from
42 to 468 mg 0™ kg"~h-1 at 10°C, 1i.e. a rise of 10-11
times between standard and active metabolism.

Warren and Davis (1967) stated that the four-fold
increase iIn the respiratory rate of Cottus perplexus
between maintenance and maximum rations (Davis and Warren,
1965) could be explained almost entirely on the basis of
increased SDA (specific dynamic action). SDA is con-
sidered to be a reflection of the dissipation of energy
by the deamination of proteins for catabolism or for
storage as fat. This effect can also be considered to
have contributed to the comparable ration-related meta-
bolic rate increases recorded by Paloheimo and Dickie (1966a)
and other workers (Muir and Niimi, 1972; Solomon and
Brafield, 1972). Beamish (1964) reported that the oxygen
consumption rate of fasting brook trout Salvelinus
fontinalis and white suckers Catostomus commersoni (when
corrected to standard rate) decreased to a minimum within
72 h. Pandian (1967c) attributed the decline in the rate
of increase of K~ with ration to an increase in SDA.

Another factor which must play a part in increasing
the metabolic rate as feeding level increases is the
amount of energy expended in finding and “capturing® the

food - especially in a “live food"™ system. Particle size
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is thought to be of major importance in determining the
energy cost of feeding (Paloheimo and Dickie, 1966b;
Beamish and Dickie, 1967). In the present study, particle
size was approximately constant, but the time during

which food was made available was directly related to
ration, and increased activity due to the presence of

food and feeder was thus also directly related to ration.
This may have contributed to the increase in metabolic

rate (as estimated from the negative acceleration of the

rate of increase of with ration).

A_5. Keep-net: Airthrey Loch

Conversion efficiency K®, at 0.15, is 25% lower
than that recorded for rainbow trout of similar size
in the aquarium (0.20). The most probable reason for
this is the loss of food material through the net
enclosure which was employed, although some lowering of
conversion efficiency may be the result of the lower
water temperatures (about 4°C) which obtained during much
of the experimental period. Atherton and Aitken, 1970,
measured optimal growth and food conversion by rainbow
trout at a temperature of 12°C on a low fat diet and

16°C on a high fat diet.
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4.6. Effects of sodium chloride dietary supplementation

The results summarised in Table 4 indicate that, 1iIn
rainbow trout of 30-60 g, dietary sodium chloride supple-
mentation, at least up to 8 .5% of total weight, has no
significant effect on either food intake or conversion
efficiency (K.

Zaugg and McLain (1969) showed that added NaCl, even
at a level as low as 1.5%, reduced the growth rate of
young (0.55-3.27 g) coho salmon Oncorhynchus kisutch.

6% and 126 salt supplements gave rise to a decrease of
approximately 20% in conversion efficiency. A mixture of
salts (Instant Ocean) had a similar effect. Salt supple-
ments up to 12% did not, however, affect appetite. Coho
salmon fed on a NaCl-supplemented diet had a higher rate
of survival on transfer to sea water than those fed on the
control diet, and also showed higher gill Nat+tK+-stimulated
ATPase activity (Zaugg and McLain, 1969, 1970).

Vallet et al. (1970) found that a mixture of salts
(with calcium salts predominating), comprising about 6% of
the diet, slightly increased the growth rate of Mugil
auratus over a 9-day period by increasing the appetite,
but without affecting food conversion efficiency.

The difference between the effects of dietary NaCl
on the growth of rainbow trout of about 30-60 g and coho
salmon of less than 3.27 g could be explained in terms of
elther species or size differences. Certain lines of
evidence would suggest the hypothesis that dietary NaCl,
at least at moderate levels might be beneficial to growth

by iIncreasing either appetite or conversion efficiency.
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Fish (1960) recorded that the quantity of HCl1 secreted by
the stomach of the perch was very small in starved fish
even after their first meal, unless NaCl was introduced
into the stomach. A similar result was found with
Tilapia. Fish (1960) cites evidence from Krogh (1937)
and Wikgren (1953) that feeding aquatic animals depend

to a great extent for salts on ions incorporated in the
food. Phillips (1959) reported that, the more Ca2+
there is in the food, the less is absorbed from the
external medium.

It may also be considered that excessive salt-loading
may In some cases, by changing the gastric and intestinal
environment, have an adverse effect on food intake,
digestion or absorption and may even have pathological
effects as in birds (Krakower and Goettsch, 1945) and

mammals (Meneely et al ., 1952).

4.7. Effects of salinity on fasting rainbow trout

4.7.1. Weight loss: In two experiments, it was found
that weight loss between days 7 and 48 of food deprivation
could be described adequately by a straight line. In

the case of trout of 80-95 g mean weight (Experiment 2),
the relationship had the equation y = 0.9825 - 0.0028x
(where x is time and y is relative weight) and in the case
of larger individuals (100-157 g; Experiment 1), the line
had the equation y = 0.9794 - 0.0019x. From days 0 to 7,
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however, the weight loss gradients were estimated at
0.0048 in Experiment 2 and 0.0053 in Experiment 1. The
mean weight losses over the whole period in fresh water
and in salinities of 7.5 p.p-t. and 15.0 p.p-t. in
Experiments 1 and 2 were 11% and 15% respectively. In
both experiments, during the period from about 20 to 48
days, trout maintained in 32.5 p.p.-t. sea water lost
significantly more weight than trout in the other three
salinities, the losses in Experiments 1 and 2 being 24%
and 23% respectively. From the tissue water results of
Experiment 1, there are indications that at least some of
the observed decrease in weight may be due to osmotic water
loss. Rainbow trout may have difficulty in maintaining
osmotic equilibrium In sea water during starvation. It
is noteworthy that the greater rate of weight loss in

32.5 p.p-t. does not begin to any significant extent until
about 20 days into starvation.

Results presented earlier indicated that conversion
efficiency was affected little by salinity between the
limits of fresh water and 28.0 p.p.-t. but that conversion
efficiency In 32.5 p.p-t. sea water was significantly
depressed. This finding is corroborated by the results
obtained in the food deprivation experiments. Peters and
Boyd (1972) also recorded that (in the hogchoker Trinectes
maculatus) the relationship between salinity and weight
loss during starvation was equivalent to that between
conversion efficiency and salinity in the fed fish.

There are two probable explanations for the higher

rate of weight loss during the first 7 days of fasting.
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(@ A higher routine respiratory rate may continue during
the initial period of starvation than during further
deprivation (because of a higher standard metabolic rate
or a temporarily maintained level of spontaneous and
anticipatory behaviour) (b) A small quantity of residual
ingested matter may have remained in the gut at the
beginning of the experiment. In eels (Anguilla _japonica).
Inui and Ohshima (1966) found a tendency for a slightly
higher rate of weight loss during the first 5-10 days of
starvation. They showed also that nitrogen excretion
decreased markedly during the first 15 days of starvation
and then remained constant during further fasting.

The larger trout (Experiment 1) lost more weight (15%)
than the small individuals in Experiment 2 (11%) during
the same 48-day period. Bellamy (1968), by contrast,
found that smaller piranhas Rooseveltiella nattereri
(5-21 @) lost weight less rapidly than larger ones (20-
30 0)- The rates of weight loss recorded in the present
study are in general accord with results published for
other species (Love, 1958; Phillips et al., 1960; Creac"h
and Serfaty, 1965; Inui and Ohshima, 1966; Kamra, 1966;

Wilkins, 1967; Bellamy, 1968; Bumgarner, 1971).

4.7.2. Condition factor: The condition factor gives a
quantitative measure of the relative proportions ("fatness-®,

depth, girth) of an individual fish.
Condition factor (1Q9 wg%Z) was measured for each fish
LJ(cm

in Experiment 2, during starvation. It decreased from a

mean of 1.15 on day O to 0.96 on day 48, according to the
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equation y = 1.1538 - 0.0040x (y is condition factor; x
is time in days). Condition factor tended to decrease
more rapidly, but not significantly more rapidly, in
32.5 p.p-t. sea water than in the other three salinities.
The more rapid decline in 32.5 p.p.t. can be explained
by the more rapid weight loss during starvation in water
of this salinity. While weight decreases during fasting,
length tends to remain relatively constant in adult fishes.
In larvae, however, shrinkage in length, as well as
decrease in weight, has been recorded (e.g- Ehrlich, 1972).
Love (1958) found that the weight:length ratio of
cod was markedly reduced by starvation. After 14 weeks
starvation, the condition index L (E%% X 1000) of Pleuron-
ectes platessa (Johnston and Goldspink, 1973) fell from
10.50 to 8.32, a drop of 21%. In the present study, the
fall in condition factor was about 17% after approximately

7 weeks fasting.

4.7.3. Lipid and water content of muscle and liver: The
trout studied in starvation experiment 1, which had been
maintained in the same salinities (fresh water, 7.5 p.p-t_,
15.0 p.p.t., and 32.5 p.p.t.) Tor more than 120 days,
exhibited no differences in pre-fasting water or extracted-
lipid contents of epaxial white muscle or liver tissue
which could be related to salinity. This is important
when taken in conjunction with the conversion efficiency
resuits.

Extracted muscle lipid fell significantly during

starvation, from 0.62% before starvation to 0.47% in trout
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which had been starved for 48 days. There was an
accompanying slight increase in water content, giving a
statistically significant negative correlation between
extracted lipid and water content in fresh water, 7.5 p.p-t.
and 15*0 p.p-t. In 32.5 p.p.t., on the other hand, water
content fell significantly between days 19 and 37*

In the liver, extracted lipid fell significantly
from 1.83% to 1.18% after 19 days starvation, but, between
days 19 and 48, increased to 1.35%. This latter increase
could have been merely a relative increase; liver lipid
may have reached its basal level and, in absolute terms,
may have remained constant while other tissue components
(e.g. protein) were being depleted. Liver water content
increased slightly, but there was not a significant corre-
lation between extracted lipid and water content. In
32.5 p.p-t. sea water, liver water content decreased from
a mean of about 75.0% to a mean of about 74.0% between days
19 and 37.

The volume of fluid contained in the gall bladder
(which had been drained before drying and processing of
the liver) increased during starvation, a feature which
Love (1958) noted in the cod, and attributed to the absence
of stimulation by food during fasting.

The lipid extraction values are low compared with
some of those obtained by other workers in the same or
related species. Gras et al. (1967a,b) studied seasonal
variation in the composition of the muscle of rainbow
trout and found that fat content varied around a median

value of about 3% of live weight, falling on occasion to
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about 2%. The mean water content was, however, consider-
ably lower than that recorded in the present study,
averaging about 74.5%, as opposed to 77.7%, which, taken
in conjunction with the correlation demonstrated earlier
in this thesis between water content and lipid content,
suggests that the difference between the results is not
purely one of technique, and that differences in previous
nutritional history, or some other factor or factors, must
also be considered. The results of Gras et al. (1967a,b)
also show a relationship between water and lipid, although
this is not made explicit in the text of their publication.
This suggests that the muscle of rainbow trout behaves, to
some extent at least, like the muscle of “fatty" fishes,
(e.g- Clupea harengus. Scomber scombrus) in which water
content shows a strong inverse relationship with lipid
content (Love, 1960, 1970).

The results of Swift (1955) show that, in the brown
trout Salmo trutta, muscle fat content was about 2.5%
during most of the year, while water content was about
78.5%. The king salmon Oncorhynchus kisutch (Greene,
1919), after having spent at least 4 months in fresh water
without food, had an average muscle lipid content of 2.2%,
varying between 0.7% and 3*7%. Wilkins (1967) records
that, after 4 months starvation, the herring, a “fatty"
fish,had a Ffillet lipid content as low as 0.8%, the mean
being 1.42%. According to Johnston and Goldspink (1973),
the white muscle of Pleuronectes platessa had a total
lipid content of only 0.05%, which fell to 0.02% after 14
weeks starvation. The water content of the muscle mean-

while rose by 6% to about 88%.



94

4.7.4. Lipid and water content of gut and peritoneal

fat deposits: In the gut and the associated visceral
adipose deposits, there was a very highly significant
inverse relationship between extracted lipid and water
content over a wide range of lipid contents (2.0% to

40.6%) - This relationship is analogous to the fat/water
line described for the carcass of the herring Clupea
harengus (Brandes and Dietrich, 1953; lies and Wood, 1965).
In the case of the rainbow trout, the adipose deposits
around the alimentary canal constitute the major chemical
energy reserve, whereas, in herring and other "fatty® fish,
muscular tissue has this function.

Swift (1955) found that,in the brown trout Salmo
trutta. the fat stores around the gut fell from 22% of
total gut weight in July to 3% of gut weight in October.

A fat/water regression equation was calculated from
Swift"s (op-.cit.) published grouped data, and is shown
below and in Fig. 23 for comparison with the results of
the present study and with the results of lies and Wood
(1965) . Four separate regression equations are quoted
from the results of the latter co-authors, because of
slight variation with the stage of sexual maturity which
is quantified in terms of Heincke"s system, which is in
turn described by lies (1964). In each case, x is water

content % and y is fat content %.












Lipid/water relationships in
(@ rainbow trout gut and adipose
deposits, (b) brown trout gut and

adipose deposits and (c) herring carcass.
_ Salmo gairdneri

--- Salmo trutta

Clupea harengus
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The degree of similarity exhibited by these equations
is noteworthy, especially when one considers that, in the
two salmonid species discussed, the fat deposits are
laid down as more or less discrete masses, whereas in
the herring the fat is incorporated in skeletal muscle
tissues. Further data from other species would provide
useful comparisons. Although there is no significant
difference between the gradients of the regressions, the
fat/water lines for the herring have a lower intercept on
the y axis than the lines for brown trout and rainbow trout.
This may be a reflection of the differences in the
functions and structures of the tissues involved. lies
and Wood (1965) demonstrated that the fat/water relation-
ship differed significantly from that which would be
expected if the accumulation of fat proceeded independently
of other flesh components.

lies and Wood (1965) considered that the relationship
between water and lipid in the herring carcass was
sufficiently close to justify using water content to
estimate fat content. Fig. 18 indicates that the same
can be said for the rainbow trout gut, and it is usually
more convenient to measure water content directly than it

is to measure lipid content.

4 8. Effects of salinity on the histology of the alimentary

canal.

The effect of increased salinity on the gut of rain-

bow trout Salmo gairdneri differs in several respects from



its reported effect on the gut of Etroplus maculatus
(Virabhadrachari, 1961). In the latter species,
Virabhadrachari (1961) observed an increase in the thick-
ness of the tunica propria and an increase in the height
of cells and the size of nuclei in the columnar epithelium.
In the rainbow trout, the mean dimensions of these histo-
logical components seem to be unaffected by adaptation

to different salinities.

Virabhadiachari (1961) noted an increase in the
number of mucous cells in the intestine of Etroplus
maculatus when it was transferred to sea water. In
Salmo gairdneri, by direct contrast, the number of mucous
cells decreased with increasing salinity in both the
intestine and the rectum.

Greene (1926) recorded that when the king salmon
(Oncorhynchus tschawytscha) enters fresh water on its
spawning migration, there is an initial increase in the
number of mucous cells, followed by their disappearance
after some time in fresh water. This “disappearance*
seems likely to be an effect of changes in hormone levels
and nutritional status (Robertson et al., 1961) rather
than a direct effect of salinity. But the initial increase
in mucous cell number on entry into fresh water may be
comparable with the effect observed in our study of
rainbow trout. Western (1969) found that, in the intestine,
mucous cells were fewer in the marine species Enophrys
bubalis than in the closely related freshwater species

Cottus gobio.
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In the rainbow trout rectum, the mucous cells were
largest and most numerous, in all salinities, on the
apices and on the edges of the annulo-spiral septa. This
could be related to the mechanically protective function
of mucus. The functions of mucus are generally agreed to
include those of chemical and mechanical protection. Its
physical properties are such (Hollander, 195*) that it
retards diffusion of water and solutes between the external
environment and epithelial cells (Ussing, 1960).

Unless individual mucous cells are able substantially
to iIncrease mucus production in sea water, it appears that
the intestinal and rectal epithelium in rainbow trout
adapted to increased salinities may have a reduced surface
layer of mucus. A consequence of this could possibly be
an increase In the rate of passive diffusion between the
contents of the lumen and the epithelial cells. An
important mechanism of hypo-osmotic regulation in Ffishes
is active absorption of water (together with monovalent
ions) (House and Green, 1963, 1965) from ingested sea
water (Smith, 1930; Shehadeh and Gordon, 1969). If a
mucous “barrier® limits the rate of active absorption by
retarding passive diffusion towards the cell membrane, a
reduction in the mucous layer may be advantageous to
fishes adapted to sea water. Even i1f there is no absolute
reduction of the layer of mucus in the intestine, the
observed decrease in the density of distribution of mucous
cells means that, in increasing salinities, a greater

proportion of the epithelium is composed of actively
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absorbing columnar epithelial cells. The depressions
observed in the epithelium of the majority of the fishes
adapted to 15.0 p.p.t. and 32.5 p.p.-t. may also have the
significance of giving an increased surface for active
absorption.

Western (1971) suggested that, if enzymes concerned
in active absorption are uniformly arranged on the
epithelial membrane, the total amount of enzyme will be
proportional to surface area and that, therefore, the
greatest concentration of enzyme will occur where the
micro-villi are highest and most numerous. He observed
that the height of the micro-villi was greater in the
marine species Enophrys bubalis than in the freshwater
species Cottus gobio. In the rainbow trout, the height
of the micro-villi seemed - at the light microscope level
to be unaffected by salinity. Utida (1967) has, however,
shown that there was an increase in alkaline phosphatase
activity in the intestine of rainbow trout adapted to
sea water.

It seems probable that the increase in the total
cross-sectional area - and hence the luminal cross-
sectional area - of the intestine and rectum is at least
partly related to the osmoregulatory function of the
intestine. The increase in luminal cross-sectional area
as salinity increases may be, in part, a reflection of
drinking rate, but may itself have an effect on the food
digestion and absorption properties of the intestine. It
is notable that only the individuals adapted to 32.5 p.p-t

maintain their intestinal volume during starvation. When
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such individuals were dissected, their intestines and
rectum were found to contain a large amount of water.
The height of the villi was shown to vary with
salinity in a similar way to the cross-sectional area.
This may have had its direct cause in the degree of

expansion of the intestine rather than in the salinity.

Most previous work on the histology of starvation
in the salmonids has dealt with fishes which were not
only starving but were also either undergoing a spawning
migration or on the point of spawning.

Gulland (1898) reported extensive degeneration of
the gastric and intestinal epithelium in migrating Atlantic
salmon Salmo salar. Greene (1926) noted even more
degenerative changes in the King Salmon (Oncorhynchus
tschawvtscha). All the tissues of the alimentary canal
in this species, including the gastric gland cells,
showed atrophic changes. Roberton et al. (1961) com-
pared the histological changes associated with spawning
in Pacific salmon (Oncorhynchus sp.), in migratory steel-
head trout (Salmo gairdneri) and in non-migratory rainbow
trout (S. gairdneri) The stomach of the Pacific salmon
showed the most extensive changes, similar to those
recorded by Greene (1926). Steelheads showed only minor
changes. Rainbow trout showed no observable change. The
blood corticosteroid levels in steelhead and rainbow
trout were similar, but the pre-spawning feeding habits of
the two types differed, rainbow trout feeding normally

whereas steelheads fed little and irregularly. Pacific



101

salmon starve completely during the spawning migration.
The authors (Robertson et_al., 1961) concluded that
feeding rate modifies the catabolic effects of hyper-
adrenocorticism.

Later work by Robertson et al. (1963) on the effect
of peritoneally-implemented hydrocortisone on starving
immature rainbow trout strongly suggested that most of
the histological changes seen in spawning salmonids are
due to high blood hydrocortisone and cortisone levels and
are not caused by starvation alone. The only part of the
gut examined by Robertson and his colleagues was the
stomach.

The results reported in this thesis confirm that the
stomach is virtually unaffected by starvation in the
immature rainbow trout and show that other parts of the
alimentary canal also present little evidence of
degeneration after 48 days of starvation In various
salinities. In the stomach, there was no measurable
change in the thickness of the tissue layers examined.
The only change seen was a tendency towards a decrease in
total cross-sectional area. In fresh water, 7.5 p.p-t.
and 15.0 p.p-t., the intestine and rectum show a con-
siderable decrease in cross-sectional area. That this
is due to elastic contraction rather than atrophy is
indicated by a slight increase in the thickness of both
the muscle layer and the stratum compactum.

In all salinities, the number and size of mucous

cells decreased during starvation, but the only individuals

cCUtIMIfimilMITimttttittIMITIIITIBE!



in which the columnar epithelium was affected by

starvation were those in 32.5 p.p.t. sea water, which

may suggest that fish subjected to the highest osmotic

gradient were most affected by starvation.
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APPENDIX 1.

Effects of salinity on food intake.

Salinity (p.p-t.)

0.0

15-0

28.0

52.5

leU § fcilAfe

No. 1

24 _42+1.47

26.09+2.00

29.10+1.44

Mean weekly intake + s.e.

20.39+0.84

16.69+0.91

24.92+1.85

22.95+1-78

117

% dry
matter)

5

23-49+0.79
27.59+0.34

26.74+1_.14

17.34+1.25



APPENDIX 2

Effects of salinity on absorption efficiency.

Salinity (p.p-t.) 0.0 7.5 15.0 32.5
Total food intake (Q) 110.0 110.0 110.0 110.0
Total dry food intake (Q) 101.66 10; .66 101.66 101.66
Total dry faecal production (Q) 11.90 13.53 15.96 23.02
Nitrogen content of feed ($ dry wt.) 6.97+s.e.0. 15

Energy content of feed (J.mg ~ dry wt.) 20.76+s.e.0.52
Nitrogen content of faeces (% dry wt.) 2. 46+s.e.0. 07 2.92+0.11 3..11+0.14 3.18+0.09

Energy content c£ faeces (@ .ig™™ dry wt.) 15 .61+s.e.1.77 15.73+0.03 14,.62+1.02 15.97+0.68

Total N input (Q) 7.09 7.09 7.09 7.09
Total N output (Q) 0.29 0.40 0.50 0.73
Total E input () 2.11x106 2.11x106  2_1IxICH  2.11x10"
Total E output (J) 1.86x105 2.13x105 2.33x10b  3.68x10-
Dry matter absorption efficiency 0.89 0.88 0.86 0.80
Energy absorption efficiency 0.91 0.90 0.89 0.83
Nitrogen absorption efficiency 0.96 0.94 0.93 0.90
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APPENDIX 2

Effects of salinity on absorption

Salinity (p.p-t.)
Total food intake (Q)
Total dry food intake (Q)

Total dry faecal production (Q)

Nitrogen content of feed {% dry wt.)
Energy content of feed (J.mg ™ dry wt.)

Nitrogen content of faeces {% dry wt.)

efficiency.

0.0
110.0
101.66

11.90

6.97+s.e.0.15
20.76+s.e.0.52

2.46+s.e.0.07 2.92+0.11

7.5
110.0
101.66

13-53

15.0
110.0
101.66

15.96

118

32.5
110.0

101.66

23-02

3.11+0.14 3~18+0.09

Energy content of faeces (J.mg"™* dry wt. ) 15.61+s.e.1.77 15.73+0.03 14.62+1.02 15-97+0.68

Total N input (Q)
Total N output (@)
Total E input Q)

Total E output (J)

Dry matter absorption efficiency
Energy absorption efficiency

Nitrogen absorption efficiency

7.09

0.29
2_.11x106

1.86x105

0.89
0.91

0.96

7.09
0.40
2.11x106
2.13x10"

0.88
0.90

0.94

7.09
0.50
2.11x106

2.33x105

0.86
0.89

0.93

7.09

0.73
2.11X101

3.68x10-

0.80

0.83

0.90
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APPENDIX 3

(@) Effects of salinity on conversion efficiency

Salinity n S.e.
dry total total dry total total (No. of
matter energy nitrogen matter €nergy nitrogen  obsn.
periods)
Gp. 1 0.0 0.24 0.26 0.35 0.27 0.29 0.36 5 0.01
Q0+ .50-95 ) 7.5 0.23 0.25  0.34 0.26  0.28 0.36 5 001
’ P 150 0.19 0.21  0.28 0.22 0.24 0.30 5 .
28.0 0.19 0.21 0.28 0.23 0.25 0.31 3 g.gf
32.5 0.14 0.15 0.20 0.17 0.18 0.22 2 .
0.24 0.30 6 0.03
Gp. 2 0.0 0.20 0.22 0.29 0.23 005
0.23 0.30 6 .
0+,80-155 7.5 0.19 0.21 0.28 0.22
©* D 1553 0.20 0.22  0.29 0.23 0.25 0.31 6 8-%24
28.0 0.20 0.22 0.29 0.24 0.26 0.32 3 0.0
32.5 0.12 0.13 0.18 0.15 0.16 0.20 3 .
0.03
Gp. 3 0.0 0.12 0.03
1+,115-155 7.5 0.15 0.02
( 9 28.0 0.16
(b) Analyses of whole trout carcass and feed pellets
Trout carcass (10) Coopers®™ Floating Pellets (10) Coopers® "Growers™  Pellets (10)
% dry matter 26.44+0 .77 (s.d.) 92.42+1.38 93.29+1.62
J71+1.
% water content 73-56+0.77 7.58+1.38 6.71+1.62
5.98+0.11
nitrogen content (% dry) 10.19+0.63 6.45+0.15
40.00+0.69
protein content {% dry:Nx6.25)  63.67+3.97 43.56+0.94
17.87+0.26
energy content (J.mg 1 dry) 22.77+0.21 20.76+1.04



APPENDIX 4

Effects of fasting

Experiment (1

a) Weight loss.

Total
Day No. Salinity mean wt.
0(2/5/72) 121.92

141 .35
156.74
101.90

w R
N 01N O
OSuyio tToulo

118.45
140.09
155.85
100.23

wH
N U5 O

115.14

136.33
153-86
97.72

19

w P
o~ O
oo o1 uouo O

37 77.22

w

48 113.09
125.99

147 .66

[En
a~NO N N

s.d.

19.84
33.15
21.38
19.90

21.71
33-61
19.78
18.77

21.29
33-36
20.54
16.87

8.77
24.07

37.91
25.54

19
20

18
18

14
14
13

14
14
12
13

o 0©

b) Water and lipid content of epaxial white muse]

Day No. Salinity Water
wet wt.
77.64
77.99

77.17
78.00

o

' | '
oo U1 Moo U1oulo

0(2/5/72)

w =

78.00
77.97
78.14
78.26

19

=
wU‘I\lO N U1

37 74 .06

w

78.46
79-39
78.46

48

O~NO DN N

[

s.d.

oooN©

ONW A g ob

00N O

o

oNO N RPROOO [e}olole]

~N oul N
W wo

«iUilfli Blit)li41*11ftVMMtfcfTKIUtftl;

Sacrificed

mean wt.

Lipid
% wet
0.67
0.51

0.63
0.60

0.60
0.66
0.61
0.57

0.51

0.48
0.43
0.50

119.92
123.77
147 .67
99-08

106.11
145.20
146.30

98.38

77.22
113.09

125.99
147 .66

wt.

s.d.

12.50
30.18
23.47
22.50

14.92
26.65
14.72
24.45

8.77

24.07
37.91
25.54

s.d.

0.24
0.14
0.17
0.17

0.10
0.10
0.14
0.14

0.30
0.24

0.10
0.14

o 0O N o goaoudg aooag

o oo gaou S

(NN

Continuing
mean wt.

122.63
147 .20
160.22
102.97

118.45
140.09
155.85
100.23

120.16
131.40
159.25

97.31



APPENDIX 4 (CONTD.)

c) Water and lipid content of liver.

Day No. Salinity Mean wt. as s.d. Water s.d. Lipid s.d. n
% fish live % wet wt. % wet wt.
wt.

0 (2/5/72) 0.0 0.88 0.10 75.18 1.85 1.68 0.17 5
7.5 1.06 0.24 74.68 0.63 1.88 0.48 5

15.0 1.26 0.33 75.17 0.45 1.80 0.35 5

32.5 0.86 0.10 74.64 0.64 1.97 0.20 5

19 0.0 0.91 0.14 75.79 1.09 1.23 0.14 5
7.5 1.17 0.34 75.59 0.91 1.20 0.44 5

15.0 1.05 0.20 75.74 0.56 1.29 0.30 5

32.5 0.95 0.20 75.04 1.48 0.99 0.37 5

37 32.5 1.32 0.26 73.95 2.08 1.24 0.44 6
48 0.0 0.84 0.17 75.23 0.26 1.38 0.30 5
7.5 1.02 0.26 75.94 0.69 1.39 0.30 5

15.0 0-79 0.17 75.40 0.26 1.29 0.14 5

Experiment (2)
Weight loss and condition factor.
Day No. Salinity Total s.d. n Sacrificed s.d. n Continuing Total Continuing C.F.

mean wt. mean wt. mean wt. mean mean
langth length

e (28/5/73) 0.0 95.42 26.33 16 104.23 20.88 5 91.41 20.09 19.73 1.15
7.5 79.66 22.15 16 84.24 10.55 5 77 .57 18.99 18.72 1.13

15.0 80.83 18.70 16 71.08 19.36 5 85.26 19.05 19.41 1.15

32.5 84.41 20.97 13 83.64 30.64 5 84.89 19.12 18.98 1.19

23 0.0 85.94 27.54 11 86.12 30.14 5 85.78 19.97 19.88 1.05
7.5 70.91 25.34 11 76.93 19.83 5 72.29 18.72 18.94 1.05

15.0 78.62 17.39 11 84.73 16.39 5 73-55 19.22 19.02 1.06

32.5 76.07 12.09 8 71.45 14.46 5 83.77 19.03 19.83 1.09

48 0.0 77.93 32.47 6 77.93 32.47 6 19.82 0.96
7.5 67.34 20.69 5 67.34 20.69 5 19.96 0.96

15.0 66.86 15.42 6 66.86 15.42 6 18.88 0.98

32.5 72.20 16.75 3 72.20 16.75 3 19.63 0.95
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APPENDIX 5

Effect of ration on conversion efficiency.

Initial Final Dry matter Median dry  Total food % (dry Total food Weekly food Weekly %
total total increase weight (Q) intake intake intake dry matter
live weight live weight ) @ dry) matter) % dry) % dry) increase
1056.58 1050.98 -1.48 278.62 21.25 -0.07 7.63 3.82 -0.53
1056.39 1054.41 -0.52 279.05 22.17 -0.02 7.94 3-97 -0.19
1026.89 1024 .53 -0.62 271.20 23.19 -0.03 8.55 4.28 -0.12
1027 .67 1056.58 7.64 275-54 42 .51 0.18 15.43 7.72 1.41
1029.91 1056.39 7.00 275.81 44 .34 0.16 16.08 8.04 1.28
1003.20 1026.89 6.26 268.38 46.39 0.14 17.29 8.65 1.18
970.A8 1027.67 15.12 264 .16 110.51 0.14 41.83 13.94 1.77
948 .27 1029.91 21.59 261.52 115.32 0.19 44_10 14.70 2.87
859.12 925.34 17.51 235.91 72.26 0.24 30.63 15.32 1.59
925.59 1003.20 20.52 254 .99 120.60 0.17 47.30 15.76 2.79
820.12 875.27 14.58 224 .13 75.40 0.19 33.64 16.82 3-34
818.10 855.95 10.01 221.31 78.85 0.13 35.63 17.82 2.32
925.34 970.48 11.94 250.63 102.01 0.12 40.70 20.35 2.44
875.27 948 .27 19.30 241.07 106.45 0.18 44_16 22.08 4.17
855.95 925.59 18.41 235.52 111.32 0.17 47.27 23.64 4.07
1050.98 1141 .66 23.98 298.87 145.30 0.17 50.13 25.07 5.26
1054 .41 1157.01 27.13 292.35 150.73 0.18 51.56 25.78 4.87
1024.53 1146.73 32.31 287.04 153.44 0.21 53.46 26.73 5-97
765.90 859.12 24._.65 214.83 137.72 0.18 64.11 32.06 6.09
668.95 765.90 25.63 186.69 125.39 0.20 66.10 33.05 7.25
745_19 820.10 19.81 206.93 143.71 0.14 69.45 34.73 5.03
650.19 745.19 25.12 184.47 130.85 0.19 70.93 35.47 7.31
719.96 818.10 25.95 203.33 150.29 0.17 73-91 36.96 6.81

634.05 719.96 22.71 179.00 136.84 0.17 76.45 38.23 6.77
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APPENDIX 6

Phillipson micro-bomb calibration.

No. Pellet wt. Energy content Total Potential
(mg) of energy rise 2
benzoic acid content (mV x 10 <)
SZIIet
1 14.6 . 26.455 J.mg-1 386.24 63.0
2 20.0 529.10 87.0
3 11.2 296.30 52.5
4 2.7 71.43 13.0
5 6.4 169.31 28.5
6 12.1 320.11 52.0
7 16.2 428_.57 69.0
8 16.1 425.93 69.0
9 1.4 37.04 8.0
10 9.1 240.74 40.0
11 9.2 2433.39 39-5
12 20.3 537.04 90.0
13 15.9 420.63 71.5

*P LMt Lvrtuvurestitiuwul



FIGURE 22.

Electrical output (mV x 10-") of the
Phillipson micro-bomb calorimeter

versus weight (mg) of benzoic acid

combusted.

(y = 4.29x + 1.33)
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FIGURE 23. Energy (joules) versus electrical

output (mV x 10-2) in the Phillipson
micro-bomb calorimeter.

(y = 6.15x - 7.16)






APPENDIX 7

Histological techniques

Y]

© 0N OO MW DNP

I
N RO

© O ~N O W DNPRF

PR
N R O

B
»w

Dehydration

50# methylated spirit
80# methylated spirit
Q% phenol meth.

8# phenol meth.

8# phenol meth.
absolute alcohol
absolute alcohol
chloroform

chloroform

wax 56°C

wax 56°C

wax 56°C

Dewaxing

xylol

absolute alcohol
methylated spirit
water

Haematoxylin & Eosin
Mayer®s haemalum
wash

1% acid alcohol

wash

Scott"s tap-water substitute
wash

eosin

wash

methylated spirit
absolute alcohol
absolute alxohol
xylol

xylol
mount

—
3
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Time (min)

5

N NN

differentiate

3

min (blue)

30 s

R RPN DNNDN

min )

min | dehydration
min j and

min j clearing
min )



4) Lison"s Alcian Blue/Chlorantine Fast Red

e
= O

Time

1 Mayer”s Haemalum 5 min
2 wash
3 Scott"s tap-water substitute 3 min
4 wash
5 Alcian blue 10 min
6 wash
7 1% phosphomolybdic acid 10 min
g8 wash i1n distilled water
g chlorantine fast red 10 min

wash in distilled water

dehydrate, clear and mount
5) PAS/Light green Time
1 aqueous periodic acid 10 min
2 wash
3 wash in distilled water
4 Feulgen®™s reagent 20 min
5 wash
6 methyls. ted spirit
7 20% alcoholic light green 30 s
8 wipe off excess
g dehydrate, clear and mount
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