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Glossary 
Adenosine triphosphate (ATP) An almost universal 

carrier of chemical bond potential energy; fish use ATP 

made from catabolism of foodstuff or body reserve 

molecules to fuel energy-dependent processes. 

Direct calorimetry The measurement of waste heat 

produced by metabolic processes to assess the rate of 

these processes. 

 

 thermodynamic property measuring the 

amount of disorder in the system. Greater disorder is 

energetically favorable; thus, entropy favors unfolding of 

proteins. 

Indirect calorimetry The measurement of O2 or 
Ṁ 
O Mass of oxygen consumed by an organism. The SI 

2 

unit is micromoles or millimoles per unit time, but often 

expressed as milligrams of oxygen per unit time. It can 

also be divided   by the mass of the fish (e.g., mg-O –1
2 h

kg–1) in which case, it is called ‘mass-specific oxygen 

consumption’. 

Quantile A value that divides a data set into parts. 

Where the  made depe6.046.05aET
79BT
1_1 1 Tf
8.4the

parameter q. If q  = 0.5, half the data are below the 

quantile and half above, which gives the median. If q is 

given as a percent instead of a proportion, the quantile 

can be called a percentile. 

Standard metabolic rate
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respired.the
metabolites in starved fish as a way to monitor rates of 
respiration reactions. However, because starvation is a 
nonstandard physiological state, these types of experi
ments will not be discussed further here (see also Gut 
Anatomy and Morphology: Gut Anatomy). Because 
each foodstuff (protein, fat, or carbohydrate) produces 
different amounts of energy per amount of O2 consumed 
or CO2 emanated, accurate use of indirect calorimetry for 
bioenergetics requires a strict assessment of the substrate 
being respired. This is not a great challenge in laboratory 
situations, but may be impossible for most 
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Spontaneous activity is extremely difficult to control 
or even measure in fish, yet activity can increase meta

bolic rate by an order of magnitude (see also Ventilation 
and Animal Respiration: The Effect of Exercise on 
Respiration). One approach has been to circumvent the 

_problem by measuring MO2 
during forced activity at 

different speeds, and then by extrapolating the relation
_ship between MO2 

and swimming speed back to zero 
swimming speed. However, fish can engage in sponta
neous locomotor activity, have additional maneuvering 
costs at high speed, or be subject to stress, in addition to 
the sustained swimming at low speeds, thereby elevating 
MO2 

and the predicted MO2 
at zero speed. Because of this, 

_MO2
measured at low swimming speed is generally less 

repeatable than at higher speeds, so if this method is 
employed, relatively high, but still aerobic, swimming 
speeds should be used. Another concern is that the routine 
metabolism of some organ systems (e.g., the gut) can be 
turned down with swimming activity, which, if left 
unaccounted, could lead to an underestimate of SMR. 

An alternative method is to measure the level of spon
taneous activity in a static respirometer, relate MO2 

to_

activity level (i.e., through regression analysis), and use 
the intercept (i.e., at zero activity) of this relationship as 
SMR. Yet another method is simply to estimate SMR 
only on measurements obtained when activity is zero. 
Some authors have employed anesthesia to eliminate 
activity from SMR measurements, but this method is 
not recommended because the anesthetic may interfere 
with other functions, including those responsible for 
SMR. However, for very active, dangerous or obligate 
ram-ventilating species, this may be the only tractable 
method available, in which case, the minimum dose to 
eliminate swimming activity should be used. 

There is more uncertainty in estimating SMR when 
activity is not accounted for in static respirometry. Unless 
the period of minimum spontaneous activity is known for 
the species, MO2 

must be measured over at least 24 h; longer 
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the skin or gills need to be large surface-area structures 
with a short diffusion distance to the external environ
ment. These characteristics present an opportunity for the 
salt and water of the environment to also equilibrate 
across electrochemical gradients in water-breathing fish 
(see also Role of the Gills: The Osmorespiratory 
Compromise). Fish need to counteract these movements 
through active, energy-requiring processes. This funda
mental conflict between the need to exchange respiratory 
gases and the relative cost of osmoregulation in water-
breathing fish has been termed the ‘osmorespiratory com
promise’. Active osmoregulatory and acid–base processes 
will contribute to the animal’s SMR, accounting for some 
of the variance between studies performed under differ
ent water chemistries. There is a fairly extensive 
literature attempting to define the cost of osmoregulation, 
that is theoretically at a minimum in environments iso
osmotic to
euryhaline
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