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INTRODUCTION 

The purpose of this paper is to identify some of the problems assoc-
iated with the physiological monitoring of wild fish populations and to 
offer suggestions for improvement in techniques for obtaining physiolog-
ical data from fish under field conditions. 

Fish in natural waters are continually adjusting to changing chemical, 
physical, and biological factors in the aquatic environment. Furthermore, 
interact-ions  among these factors complicate the adjustments that a fish 
must make to survive. In some particularly dynamic aquatic environments 
(e.g. estuaries), changes in various factors are often great and occur 
rapidly. Animals living there must be highly adaptable to tolerate and 
survive these changes. Fish differ from terrestrial animals in a number 
of characteristics but notably in their homeostatic mechanisms  for regu-
lation of the electrolyte composition of body fluids through osmoreoula-
tion.  Because the osmotic processes of fish are continually operating 
to maintain ionic balance in the body fluids, energy is also continually 
expended to retain the internal chemistry across osmotic gradients. In 
marine fish, the ionic concentration of the body fluids is less than that 
of the surrounding medium and water is constantly being lost because of 
the unfavorable diffusion gradient. In freshwater fish, the problem is 
reversed and water continually enters the body fluids because the ionic 
concentration is higher in the fish than in the surrounding medium. 

Different fish species have adapted in different ways to tolerate or 
adjust to environmental factors in their habitats. Any changes from 
"normal" conditions can impose stress on a fish. Although "stress" has 
been mentioned frequently, it still has not been satisfactorily defined. 
In the early 1950s, Seyle (1952) described the General Adaptation 
Syndrome (GAS) which follows stress in human pathology. Later, Biett 
(1958) proposed a working definition of stress as "a state produced by 
any environmental factor which extends the normal adaptive responses of an 
animal, or which disturbs the normal functioning to such an extent that the 
chances of survival are significantly reduced." It has been established 
and accepted that the physiological state of an organism is continually 
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being modified by its environmental history (Fry, 1971). Even sublethal 
stress has an effect on the physiology of a fish, mostly through changes 
in metabolism and ionoregulation. Consequently the establishment of the 
"normal" physiological characteristics of fish in a natural habitat is an 
extremely challenging task. 

Changes in metabolism and ionic regulation are reflected in the blood 
chemistry of fish. Human and veterinary medicine has advanced to the stage 
where many pathological or physiological conditions can be identified through 
routine clinical blood chemistry tests. Although techniques are far less 
advanced in fish physiology (Blaxhall, 1972), there is a vital need to 
assess the health of fish populations which are being subjected to environ-
mental alterations. An understanding of metabolism and ionic regulation 
through the blood chemistry of fish is one means of identifying the point 
at which abnormal conditions begin to impose stress. This knowledge, in 
turn, might be used as an early warning by managers who are responsible for 
reducing or stopping detrimental effects of man on fish or on their environ-
ment. In as much as fish can act as indicators of water quality, the 
reduction or extinction of a species in a body of water may signify the 
water is no longer suitable for various human uses. Although a fish may 
temporarily survive certain adverse environmental conditions, blood chemistry 
provides a means for determining if a fish is being stressed by, or reacting 
to these conditons before they become severe enough to cause death. 

STANDARDIZATION OF BLOOD CHEMISTRY METHODOLOGY 

Although much literature is available on the physiology of fish, as 
evidenced by the six volumes of Fish Physiology edited by Hoar and 
Randall (1969-71), methods used in determining blood chemistry values are 
diverse and scattered through the literature (Holmes and Donaldson, 1969;. 
Hunn, 1967). Because various investigators have determined different blood 
chemistry values with different fish and under various conditions, sound 
comparisions are difficult to make. There is a definite need for standard-
ization of methodology such asthat outlined for the clinical assessment of 
the effects of stress (Wedemeyer and Yasutake, 1976) and for acute bioassays 
for toxicity tests with fish (Committee on Methods for Toxicity Tests with 
Aquatic Organisms, 1975). Various review papers that summarize existing 
knowledge and point out the paucity of data in fish physiology are appearing 
in the literature--e.g. the review of osmotic adaptation of fishes by Parry 
(1966). Such review papers and others that suggest standardization of 
methodology will increase the usability of blood chemistry data for deter-
mining changes in metabolism and ionoregulation of fish. 

BLOOD VOLUME IN FISH 

One of the major problems associated with biological monitoring of fish 
physiology is the small volume of blood and plasma that is available for 
performing various tests. For example, the mean blood volume of various 
groups of fish varies from 2.8 to 3.6% of the body weight, and the plasma 
volume from 1.8 to 2.5% (Table 1). The blood volume of small fish is often 
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so small that only a single blood chemistry characteristic may be determined 
or the blood of several fish must  be pooled to obtain a volume large enough 
for testing. Although pooled  blood samples are useful, the variation  among 
individual fish will be obscurred. 

Table 1. Mean fluid volumes (as percentages of body weight) in different taxonomic groups  of 
Osteichthyes. Standard errors are  shown in parantheses. Modified from Table 9 of 
Holmes and Donaldson (1969). 

Group of 
Osteichthyes  

Individual  
determination 
(no.) 

Weight 
(9) 

Plasma 
volume 
(7.)  

Blood 
volume 
(S) 

Total body 
water 

(%) 

Body fluids 
Extra- Intra- Inter- 
cellular cellular - stital  

Freshwater 2.5 73.2 18.4 
Chondrostei  13 3681 (0.11) 3.5 (0.39) (0.87) 54.8 15.9 

Freshwater  2.1 70.3 16.0 
Holostei  13 1544 (0.12) 3.6 (0.43) (0.65) 54.3 13.9 

Freshwater 1.8 71.4 14.0 
Teleostei  17 2664 (0.11) 2.8 (0.60) (0.56)  57.4 12.2 

Marine 1.9 70.8 15.4 
Teleostei  33-47 3710 (0.06) 2.9 (0.41) (0.31) 55.4 13.5 

Certain available physiological techniques provide valuable information 
without destroying the blood or plasma used in the test. For example, ad-
vanced osmometers measure the freezing points of liquids and express the values 
as milliosmols (mOsm) per kilogram of water. Since changes in the freezing 
point of plasma are proportional to changes in the ionic concentration, osmol-
ality can be used to evaluate osmoregulatory disturbances in fish (Umminger, 
1971). The plasma is not destroyed, and thus remains available for use in 
other tests. 

Refined microtechniques now becoming available to fish physiologists use 
only a small volume of plasma and help to compensate for the small blood 
volume in fish. For example, a micromethod for determination of blood lactic 
acid requires only 25 microliters of blood (Harrower and Brown, 1972). Sci-
entific supply houses stock reagents that simplify the determination of blood 
chemistry values; for example, the colorimetric glucose test (Ortho-toluidine 
Method)  requires 50 microliters of plasma. Still other techniques, such as 
flame spectrophotometry, can be used for the determination of specific ions 
such as sodium and potassium from small amounts of plasma. The main drawback 
is the high cost of the specialized equipment; also, some equipment that is 
useful for analyzing small volumes of blood in the laboratory (e.g., a blood 
gas analyzer for measuring blood pH and the partial pressure of oxygen and 
carbon dioxide) are often not practical for field use. 

SOME RELATIONS OF NUTRITION,  WATER QUALITY, AND DISEASE TO BLOOD CHEMISTRY 

Fry (1971) stated that the physiological state of a fish is continually 
modified by its environmental history. He provided five environmental cate- 
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gories or factors that may influence organisms: lethal, controlling, limit-
ing, masking, and directive. The factor may be lethal if it restricts the 
environmental range in which the animal can exist. Factors may control 
(e.g. temperature) or limit (e.g. oxygen) the metabolism of a fish. Masking 
factors are those used by the organism to effectively regulate its energy 
expenditure. Directive factors elicit responses by fish that direct 
it in time and space or that trigger physiological responses in other ways 
(e.g., endocrine responses to photo period). These broad categories may 
also influence water quality and food requirements of fish. The fish must 
have mechanisms that enable it to adapt to environmental changes. These 
adaptive mechanisms may be behavioral (e.g. cause the fish to move to a 
more suitable environment) or they may be biochemical and affect physiologi- 
cal control mechanisms. The genetic heterogeneity of fish allows biochemical 
adaptations such as the formation of specific isozymes that, in turn, main-
tain homeostatic mechanisms in various environments (Hochachka and Somero, 
1971). Thus, fish must continually adapt to numerous environmental changes 
(e.g., temperature, ion composition of water, dissolved gases, light, pres-
sure, and other factors), migrate, or die. 

The nutrition of a fish and environmental factors such as temperature 
affect its metabolism and influence blood chemistry characteristics. In 
Notopterus notopterus,  stress caused by starvation elicited a rise in the 
blood glucose level that began after 24 hours of starvation and continued 
to rise until the fifth day (Narashimhan and Sundarafaj, 1971). In studying 
the effects of starvation and refeeding by Atlantic cod (Gadus morhus),  Kamr  
(1966) reported the mean value of liver glycogen after the fish were satiated 
with food as 37 mg/100  g; this value declined after the fish were starved 
for 5 weeks but then increased dramatically to 702 mg/100g  when feeding was 
resumed. The mean plasma glucose in these cod was 108 mg/100  ml when the fish 
were satiated, 72-75 mg/100 ml during starvation, and 130 mg/100 ml when feed-
ing resumed. Normal changes often can occur during the growth of fish, even 
though the diet is not changed. Under controlled hatchery conditions, Lientz 
and Smith (1974) reported that the mean hemoglobin value increased from 6.4 
gram '4  to 7.7 and the red blood cell count increased from 94 to 122 (X  104 ) 
as the mean weight of cutthroat trout (Salmo clarki)  increased from 6 to 20 
grams during a 5 month period. Although this paper is not intended to go 
into an elaborate discussion of nutrition, we do wish to emphasize the import-
ance of the nutritional state of the fish. The blood chemistry values of f,sh 
can vary tremendously, depending on its physiological condition. 

Environmental stresses caused by many factors have been demonstrated to 
cause diseases in fish (Snieszko, 1974; Wedemeyer,  1970, 1974). Diseases 

disrupt homeostasis in fish that can be detected by changes in the blood 
chemistry. When brook trout (Salvelinus fontinalis)  were experimentally 
infected with Aeromonas salmonicida,  a microbe that causes the highly fatal 
furunculosis disease in salmonids, there were significant decreases in 
protein (from 2.2 to 1.5 9/100  ml), total lipids (from 1104 to 768 mg/100 ml) 
and hemoglobin (from 9.11 to 6.02) (Shieh and Maclean, 1976). Blood glucose 
increased significantly, from 55.8 to 83.9 mg/100  ml and lactic acid'increas 
slightly but not significantly, from 5.37 to 6.61 mg/100  ml. Foda (1963) al 
reported a decrease in hemoglobin in Atlantic salmon (Salmo salar)  resulting 
from furunculosis. He attributed this reduction to lysis of red blood cells 
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following infection.  Field et al. (1944) reported that the blood sugar 
of four carp (Cyprinus carpio)  decreased from 100 mg/100  ml to a low value 
between 5.8 and 12.3 mg/100 ml in 3 days after inoculation with the fur-
unculosis bacterium. They also pointed out that the glucose levels were 
always higher in infected brook trout than in controls and that the dif-
ference may be due to species response to the infection. These studies 
indicate that the field biologist must be alert to pathological conditions 
that may influence the physiological condition of fish. Furthermore, the 
studies demonstrate that blood chemistry values can be used to detect 
changes in the physiology of fish caused by pathogens. However, present 
knowledge of blood chemistry changes caused by disease is insufficiently 
advanced to permit identification of specific pathogens. 

STRESS CAUSED BY CAPTURE AND HANDLING METHODS 

Numerous studies have shown that many capture methods (e.g. otter 
trawls,  seines, hook and line, and electrofishing) are stressful to fish 
and have related fatigue and changes in the blood chemistry to mortality 
in various species (Beamish, 1966; Bouck and Ball, 1966; Holbrook, 1975; 
Horak and Klein, 1967; Marnell and Hunsaker, 1970; Parker, Black and 
Larkin, 1959; Schreck, et al., 1976; Vibert,.1967; Wardle, 1972; 
Wydoski, Wedemeyer, and Nelson, 1976). These studies as do many others on 
physiological responses in fish after handling or changes in their 
environment indicate that blood chemistry changes may provide useful indices 
of stress (e.g. Byrne, et al., 1972; Fraser, 1968; Fraser and Beamish, 
1969; Grabowski, 1973; Hochachka and Sinclair, 1962; Houston et al., 
1971; Kirk, 1974; Mackay and Beatty, 1968; Miles et al., 1974; Stevens,  
1968; Stevens, 1972; Vibert, 1963; Wedemeyer, 1972; and Wendt, 1964). 
In this section, we attempt to summarize the major findings of these studies. 

E.C. Black was a pioneer in relating chemical stores for energy and 
metabolic changes in blood chemistry after muscular activity in  fishes and 
provided a concise summary of this and related works (Black, 1958a). Brief-
ly, exercise causes an activation of the body reserves of glycogen to meet 
the energy demands of exercise via glycolysis leading to the Krebs Cycle. 
If the exercise is severe, oxygen becomes insufficient to oxidize pyruvate 
produced during glycolysis. Energy is then supplied by anaerobic glycolysis 
and the pyruvate is reduced to lactic acid. If the lactate cannot be later 
fully oxidized into glycogen, the fish may die. Although the exact mech-
anism of death is not understood, lactic acidosis in the blood appears to 
be related to this morality. If the blood lactic acid reaches a critical 
level, death ensues in rainbow trout, Salmo aairdneri  (Black, 1958b) and in 
troll-caught chinook salmon, Oncorhynchus ts-hawytscha  and coho salmon, O.  
kisutch  (Parker, Black, and Larkin, 1959). Parker, Black, and Larkin 
suggested a critical level of 125 mg/100 ml blood lactic acid for these 
Pacific salmon. A disruption of the acid-base balance in fish affects the 
oxygen carrying capacity of the blood and the ability to transport carbon 
dioxide out of the body during respiration (Albers, 1970). Black (1958a) 
suggested the possibility that the lowered blood pH could also stop heart-
beat in fish. Although mortality may result directly when homeostasis has 
been severely disrupted in fish, sublethal changes may contribute indirectly  
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to mortaility because of increased susceptibility of the stressed fish to 
predation or disease (Wedemeyer, 1970). 

Various studies have shown that some capture techniques are more harm-
ful than others to fish. Bouck and Ball (1966), who captured rainbow trout 
by seining, electroshocking, and hook and line, found the delayed mortality 
over a 10-day period to be 5%, 10% and 87% respectively; marked blood pro-
tein change accompanied the delayed mortality. They reported that the 
physiological response of fish captured by seining and electroshocking was 
fairly uniform among individual fish but that the response was highly vari-
able among individual trout caught on hook and line with artificial lures 
and played until exhausted. They attributed the high angling mortality 
to "progressive shock" caused by impaired circulation and internal blood 
clotting.'  

In their review of the literature, Chavin and Young (1970) pointed out 
that a great deal of inter-specific variation occurred in blood sugar values 
of different fish ranging from 0 to 383 mg/100  ml. They attributed this 
variation partly to differences between species but also partly to variables 
in analytical methodology, handling techniques, and environmental and physio-
logical factors. They acclimated goldfish (Carassius auratus)  to controlled 
laboratory conditions for 1 month under constant conditions of temperature, 
light, and diet. The serum glucose levels were significantly higher during 
day 1 and 2 .( 53.6  and 42.6 mg/100  m),  respectively) than for a period up to 
3 weeks thereafter (values ranged from 25.8 to 30.7 after 4 days) indicating 
that handling stressed the fish initially but that the glucose levels were 
relatively stable after day 4. Chavin and Young (1970) concluded that the 
method of capture (net or electric-shock) or immobilization  (ice and MS-222) 
did not significantly affect serum glucose levels of acclimated goldfish 
within the short time (4-5 min.)  between capture and collection of the blood 
sample (Table 2). 

Table 2. Effect of method of capture or immobilization upon serum glucose 
levels of normal goldfish, Carassius auratus  a/. 

No. of 
fish 

Method 

Serum Glucose 
(mg/100 ml) 

Mean SE 

b/  
P value— 

(compared  with 
net capture) 

Net 300 28.5 0.56 
Ice 12 20.9 0.8 > 0.05 
Electrofishing 12 25.6 2.4 > 0.40 
MS-222 12 35.6 1.4 > 0.10 

a/ Data from Chavin and Young (1970). 
E7 Student's t-test. 

Some fish are apparently very sensitive to handling and respond quickly 
through changes in the blood chemistry. Chavin and Young (1970) demonstrated 
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that goldfish blood glucose values were high for day 1  and 2 after only 
brief handling (netting) and transfer to a new physical environment 
(aquarium) of identical dimensions. Wydoski, Wedemeyer, and Nelson (1976), 
who evaluated the physiological response of rainbow trout to the length of 
time played on a hook, found that the plasma glucose increased  significantly 
after 3 min  of playing in hatchery rainbow trout but the glucose values 
were not significantly different from those of the controls (0 playing time) 
until after 5 min  of playing at water temperatures of 10-12 C (Figure 1). 

0  1 2 3 4 5 0  1 2 3 4 

TIME ON HOOK (MIN) TIME ON HOOK (MIN) 

Figure 1.  Comparison of disturbances in plasma glucose and osmolality of 
hatchery and wild rainbow trout following 0-5 min  of hooking 
stress at 10 or 12 C. (Dots show the means and vertical lines 
the standard errors for groups of 5 to 10 fish. A star indi-
cates significant difference from the initial level, p <.05 ). 
(From Wydoski, Wedemeyer, and Nelson, 1976). 

A significant disruption in the ionic regulation of the hatchery trout, as 
indicated by plasma osmolality, occurred in 2 min of playing but the wild 

trout were able to maintain homeostasis even after being played on a hook 
for 5 min  (Figure 1). In other  studies of hooking stress on a warm- 
water species, the largemouth bass (Micropterus salmoides),  A. Wayne 
Gustaveson (M.S. Thesis, Utah State Univ., in preparation) demonstrated 

5  
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that the blood lactate levels increased significantly after 2 minutes of 
playing time and that the lactate levels were higher with increased temper-
ature. The blood lactate levels of the largemouth bass returned to the 
approximate control levels in 24 h. In addition, Gustaveson showed that 
the blood lactate of small bass (about 8 inches long) was significantly higher 
than that of controls after the fish had been played for only 1 min.  Thus, 
the physiological response of fish to stress can occur rapidly and can be 
influenced by factors such as the size of the fish and water temperature. 

A stamina or performance index was used by Horak and Klein (1967) to 
compare the physiological response of rainbow trout to various methods of 
capture (Table 3). The trout were forced to swim under controlled conditions 
in a stamina tunnel and the performance index was calculated as the arith-
metic mean of the time that had elapsed when the fish became exhausted. The 
performance index of fish captured on flies was not significantly diffcrent 
from that of the control fish; however, the index for fish captured by 
electrofishing was significantly different (p < .05). Horak and Klein 
stated that 39% of the fish captured by electrofishing showed visible burn 
marks that resulted from internal bleeding and possible fracture of the 
vertebral column. While the performance index used by these investigators 
may be useful to show major physiological differences, it is apparently not 
sensitive enough to show differences resulting from capture. This technique, 
supplemented with data on blood chemistry determined by standard laboratory 
techniques and the measurement of blood gases with equipment such as a 
blood gas analyzer can improve our understanding of the physiological re-
sponses of fish to handling. 

Table 3. The stamina or performance index of hatchery-reared rainbow trout 
after capture by fly fishing or electrofishing a/  

Method 
of 

capture 

Number 
of fish 
captured 

Performance 
index 

(minutes) 

95%  confidence 
interval of 
the mean 

Control 
Fly fishing 
Electrofishing 

108 
101 
102 

60.0 
547

b/  35.2— 

54.0-66.0 
48.0-61.4 
27.8-42.6 

a/  Data from (Ebrak  and Klein, 1969). See text for explanation. 
157  Significantly different from control (p < .05). 

The fish manager cannot avoid imposing handling stress on fish either 
during cultural operations or during field sampling. We have provided a 
few examples in this section of the paper but will now discuss somewhat 
further this important problem as it relates to monitoring the physiology 
of fish. Wedemeyer (1970) netted juvenile steelhead (rainbow) trout and 
coho salmon', under controlled conditions, to determine their response to 
a gentle handling stress. The fish were acclimated to the water and maintaine  

under optimum conditions. Nevertheless, both species exhibited changes in 
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plasma glucose, chloride, calcium, and cholesterol levels which indicated 
that significant osmoreulatory and metabolic dysfunctions can occur and 
persist for about 24 hours after handling. Plasma chloride levels fell 
steadily in both species but were approaching normal levels within 24 hours. 
The plasma cholesterol rose in coho salmon but not in the steelheads. This 
difference appeared to be correlated with the behavior of the two species; 
coho salmon normally refuse to feed for some  time after handling. The met-
abolic and osmoregulatory disfunctions (hyperglycemia and hypochloremia)  due 
to handling were partly or completely alleviated by the addition of  NaC1  to 
about 100 milliosmols (0.3%) and the Ca level to 75 or 120 ppm. Thus, the 
addition of salt can substantially reduce the severity of stress in fish. 

The behavioral response to handling in  fish is very important and must 
be considered in determining blood chemistry characteristics. Miles et al. 
(1974) reported that muskellunge (Esox mascuinongy)  do not adapt well to 
handling or captivity. They decided that the best approximation to "normal" 
blood chemistry data on this species could be obtained at the time of capture 
with a seine. However, they concurred with other investigators in believing 
that characteristics such as plasma lactate and possibly glucose change 
rapidly with stress, and that such changes must be interpreted with care. 
Miles et al. also found that holding the muskellunge in 0.3% NaC1 reduced 
handling stress but that attempts to acclimate this species in a lake 
before release did not affect the blood chemistry.  Species-specific adapta-
tion to handling or captivity can be extremely important if an investigator 
wants to use wild fish in laboratory  experiments.  Wardle (1972) found that 
the blood glucose levels rose in adult plaice (Pleuronectes platessa)  for 
about 8 hours after capture by trawl or seine, but that these levels returned 
to normal levels after 2-3 days and the fish were then insensitive to stresses 
that might elicit an elevated glucose response. He attributed this result to 
the rapid adaptation of the plaice to captivity and the apparent loss of the 
capacity to respond to stimuli that elevated the plasma glucose levels in 
newly captured wild fish. 

The way that fish are handled can be an important consideratioo  in 
their survival. For example, brook trout that were planted by air drop 
produced significantly fewer recoveries than groups of the same species plant-
ed by land (Fraser, 1968). In further studies on planting  brook trout by 
air drop, Fraser and Beamish (1969) reported that the blood lactic acid level 
increased significantly after fish were planted by air drop, and that crowding 
increased the lactic acid level even more. Although these lactic acid levels 
were below levels correlated with initial fatigue mortalities in other species, 
Fraser and Beamish  pointed out that sublethal disruptions in the physiological 
condition of fish could result indirectly in delayed mortality during the time 
the fish is recovering from the stress. 

SUGGESTIONS FOR FIELD TECHNIQUES IN MONITORING FISH PHYSIOLOGY 

From the preceding section, it should te  obvious that field techniques 
that result in the rapid capture of fish are the most useful in obtaining data 
on the physiology of wild fish. 

Active gear such as small seines that can be fished quickly, dip nets, 
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electrofishing, and angling are probably the best techniques for monitoring 
the physiology of wild fish. If seines or dip nets are used repeatedly in 
the same area, the fish may be stressed by harassment and provide abnormal 
values in blood chemistry (Miles et al., 1974; Wedemeyer, 1970). Schreck 
et al.  (1976) demonstrated that electroshocking elicited,a general stress 
response in rainbow trout that lasted several hours. Certain values 
(e.g., glucose) obtained from fish immediately upon capture by electro-
shocking may approximate "normal" blood chemistry values; others (e.g. 
lactate and corticoids) may not. Factors affecting electrofishing and the 
responses of fish to electric current were summarized by Vibert (1967). If 
fish can be landed quickly after being captured by angling (e.g. 15 seconds), 
the values for some blood chemistry factors may be close to "normal" and 
can be used as baseline values (Wydoski et a).,  1976). 

Passive gear such as gill nets, trammel nets, and trap nets are usually 
set for varying periods of time and are probably not useful in obtaining 
data on the physiology of wild fish. For example, the blood sugar values 
reported for white suckers (Catostomus commersoni)  captured by trap nets 
and gill nets had extremely wide ranges (Mackay and Beatty, 1968). This 
variation is probably due to differences in the length of time that the 
fish were confined in the net. Blood sugar was higher in fish captured in 
gill nets than in those captured in trap nets. Although fish can be readily 
captured with toxicants (Lennon, Schnick, and Burress, 1971), toxicants act 
as vasoconstrictors in the capillaries of the gills or may inhibit respir-
ation or enzymatic action at the cellular level, creating a state of hypoxia. 
Therefore, physiological data from wild fish captured with toxicants are not 
useful for obtaining "normal" values. 

If fish are captured for later use in physiological experiments, they 
should be properly acclimatized. Observation of their behavior will indi-
cate whether they will adapt to conditions in captivity. Also, the physiol-
ogical characteristics that are to be measured can be monitored from the 
time of capture to ascertain that the fish have reached a state of 
"normality." 

Fish of the same species that have become adapted to different waters 
may have certain physiological characteristics that may be useful in 
management and husbandry (Privolinol,  1970). For example, trout with hemo-
globin  that has a high affinity for oxygen at low partial pressures of this 
could be propagated and planted in waters where oxygen levels may be low 
at certain times (Riggs, 1970). 

The physiological  characteristics that are,  probably most useful in 
evaluating stresses on fish include those that are associated with osmoreg-
ulation and metabolism. For example, Silvergeld (1974) stated that blood 
glucose values appeared  to be a sensitive, reliable indicator of environ-
mental stress. Glucose and similar factors will be most useful in the 
assessment of stress after normal values are known for a particular species  

(Blaxhall, 1972; Chavin and Young, 1970). Because of the various environ-
mental factors that may affect the physiology of fish, it is desirable to 
establish "normal" values for each fish population where physiological studie 
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are being made. 

In addition, the investigator must use discretion in estimating 
"normal" physiological values for wild fish. Since any handling can dis-
rupt the metabolism and ionic regulation in fish, the investigator  has a 
great responsibility in interpretation  and presentation of his data. Phys-
ical factors such as temperature and photoperiod affect the metabolism of 
fish that may produce seasonal differences in blood chemistry. These two 
physical factors govern maturation and spawning of fish and, therefore, 
could influence differences in blood chemistry by sex. In addition, we 
brought attention to differences in stress responses by species to capture 
and handling. Also, biological factors such as size and age of the fish 
and disease have been shown to influence their blood chemistry. The 
Importance  of nutrition should be considered, particularly in relation 
to those blood characteristics connected with metabolism. Finally, the 
chemical factors of the environment (i.e. ionic composition of the water, 
dissolved gases, and pollutants) could influence osmoregulation or meta-
bolism of the fish. As our understanding of the effects of these various 
factors becomes better known, our interpretation of physiological data 
obtained using field sampling techniques will become more reliable. 

SUMMARY 

The physiological state of a fish is continuously being modified by 
its environment. The physiological responses of fish are usually reflected  
in changes of metabolism and osmoregulation. 

Changes in metabolism and osmoregulation of fish can be determined 
through various blood chemistry characteristics. Some of these character-
istics may be useful indices in the evaluation of various physical stresses 
on fish populations. However, these characteristics may be questionnable 
in evaluating other sublethal chronic environmental stresses. 

Various blood chemistry values in the literature may be attributed to 
variables such as analytical methodology, handling techniques, and environ-
mental and physiological factors. There is a vital need to standardize 
methodology in obtaining data on the blood chemistry of fish and to fill 
in the gaps where knowledge is sparse so that physiological data that is 
obtained by different field sampling techniques can be interpreted correctly. 

Although all capture and handling methods are stressful to fish, physiol-
ogists  now have a fairly good understanding of those techniques that may pro-
vide a better baseline for interpreting changes in the metabolism and osmo-
regulation of fish. Also, our knowledge of the various environmental factors 
that affect fish physiology is improving rapidly. 
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