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Response
•  Environmental change
•  Receptors (antennae, tentacles, protein 

systems)
•  Transfer systems - nervous connections 

to muscle systems, endocrine systems
•  Response must increase fitness – 

behavior, change of metabolism



Measures of Response 2
•  Types of adaptive response:
!  Behavioral
!  Gene regulation (activation of genes, 

pathways)
!  Biochemical (changes of concentrations 

of enzymes, ions within specific cell types)
!  Physiological (cellular changes and 

systemic-level changes)



Acclimation, Regulation, and Conformance
•  Acclimation: response to environmental 

change by establishing a new equilibrium
•  Regulation: maintenance of constancy 

despite environmental change
•  Conformance: internal state changes to 

match external environmental change



Acclimation, Regulation, and Conformance 4



Two Measures of performance

•  Growth
•  Activity



Scope for Growth
•  Physiological condition is reflected in resources 

available for growth
•  Scope for growth - excess energy beyond that 

needed for maintenance (maintenance 
metabolism, standard metabolism)



Example: Mussels feeding

•  Mussels gain energy: take in sea water and 
filter phytoplankton on gill, transport to 
mouth, absorb following digestion in gut

•  Mussels consume energy: metabolism 
involves oxidation of energy reserves, such 
as glycogen (“animal starch”)





Scope for Growth 

A mussel has less scope for growth with less food and higher temperature

Widdows, J. et al. 1988, 
Marine Ecology Progress 
Series



Performance by Activity:Aerobic 
Scope (Scope for Activity)

•  Difference between regular (“standard”) 
metabolism and maximal (“active” 
metabolism.

•  A fish may have little available energy for a 
swimming burst if metabolism is already 
high (e.g., because of high temperature, 
stress)

•  Higher scope for activity: higher the likely 
growth rate



Munday et al. 2012.  J. Exp. Biol.215:3865-3873



Temperature 1
•  Temperature variation is common in 

marine environment:
!Latitudinal temperature gradient, 

regional differences
!Seasonal temperature change
!Short term changes (e.g. weather changes, 

tidal changes)



Temperature
•  Temperature regulation:
!Homeotherms – regulation advantage of 

constancy and high rate of cellular 
chemical reactions, disadvantage of heat 
loss

!Poikilotherms - conformance advantage of 
no cost of keeping temperature constant 
and high, but at the price of metabolic 
efficiency "



Temperature and Performance Optima
in a poikilotherm

Fiddler crab Uca pugilator

Preference
Endurance on treadmill Burst running speed



Poikilotherms

•  Conformers
•  Temperature increase results in increased 

metabolic rate –energy use
•  Acclimation possible – lowers the response 

of increased metabolic activity with 
increasing temperature (seasonal)

•  Usually a thermal optimum at intermediate 
temperature



Temperature
Poikilotherms – acute increase – metabolic 

rate rises, BUT can compensate for 
temperatures by means of acclimation; 
can stabilize metabolic rate over a wide 
range of intermediate temperature

Stabilization of metabolism
over wide range of temperature



Temperature - Homeotherms
•  Heat loss of homeotherms - problem 

when maintaining high body 
temperatures

!Insulation - used by many vertebrates 
(blubber in whales, feathers in birds)

!Countercurrent heat exchange - 
circulating venous and arterial blood in 
opposite directions while vessels are in 
contact to reduce heat loss "



Temperature
Countercurrent heat exchange machine -
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Temperature
Countercurrent heat exchange in dolphin 

limb - artery is surrounded by veinlets, 
which return heat

arteryveins



Tuna use the same principle – interior muscle and 
circulatory system



(A) Diagram of a yellowfin tuna (Thunnus albacares) in cross section or steak view indicating 
the structural components of the blood vessels that make up the specialized supply for the 

internal red muscle.  

Katz S L J Exp Biol 2002;205:2251-2266 

©2002 by The Company of Biologists Ltd 



Carotid 
artery

Heater tissue

Block, B.A., 1986, J. Morphol. 190: 169-189

White marlin, Tetrapterus albidus

Hot-headed deep divers



Reading Assignment

•  Hot Topics in Marine Biology 5.1- p. 79 (on 
quiz Friday)



Temperature
•  Heat Shock – affects physiological 

integration
!heat shock proteins - are formed during 

heat stress, which forestall unfolding of 
protein 3D structure

!ubiquitin - low molecular weight protein 
that binds to degraded proteins, which 
are then degraded by intracellular 
proteolytic enzymes



Temperature
•  Heat Shock - 
!Disruption of membranes - heat shock 

disrupts packing of structural 
phospholipids in cell membranes – 
membrane order - which disrupts 
transport of ions, other cell functions





Bio 353 2018 First Exam

•  Monday March 5
•  20 questions: see web site for general 

format
•  Covers chapters 1-5
•  General rule: If subject covered in class, 

text associated with that subject is required
•  Review Session Thurs Mar 1, 4-6 PM Room 

105 Life Sciences (most likely) 



Temperature
Poikilotherms – acute increase – metabolic rate 

rises, BUT can compensate for temperatures 
during seasons by means of acclimation; can 
stabilize metabolic rate over a wide range of 
intermediate temperature

Stabilization of metabolism
over wide range of temperature



Seasonality = f(temperature, food 
availability)



Temperature-Season and Latitude
Seasonal extremes of temperature affect both activity and 
reproduction
Effects are different at northern and southern limits of geographic 
range

Uca pugnax



Tomcod, Microgadus tomcod – Hudson River is southern limit,
Spawns in January-February – what will regional warming do?



Temperature 
• Evolution of temperature tolerance:
Species evolve differences in temperature 

tolerance, e.g., Antarctic species may not 
be able to survive waters warmer than 10 
°C

Populations living along a latitudinal 
gradient might evolve local physiological 
races, with different temperature 
responses-optima



Ophryotrocha puerilis – polychaete Annelid

N

S

Levinton and Monahan 1983 Biol. Bull. 165:699‑707. 



Differences of heat shock protein 
response from different 

populations – adaptation and 
evolution

Dutton and Hofmann 2009

Mytilus galloprovincialis



Temperature 
•  Freezing - a problem in winter in some 

habitats and in high latitudes where sea 
ice forms, can destroy cells as cell cytosol 
freezes

!Some fish have glycoproteins and glycopeptides, 
which function as antifreeze but at very low 
concentrations (no effect on osmotic pressure), 
bind to incipient ice crystals to prevent further 
growth."



Antarctic Icefish, Pagothenia 
borchgrevinski

NO HEAT SHOCK PROTEIN 
EXPRESSION! HOFFMAN ET AL 

2005 J. EXP. MAR. BIO. ECOL.



Salinity
•  Variation of salinity: estuaries, tide pools
•  Many marine groups intolerant of salinity 

change (low salinity): echinoderms, 
protobranch bivalves

•  Species confined to open ocean often less 
tolerant of salinity change: e.g., pelagic 
planktonic organisms

•  Regulation of vertebrates of ionic 
concentrations to very narrow range, other 
groups show more variation and response to 
external change



Salinity �
Osmosis and Diffusion

•  Osmosis - movement of pure water across 
a membrane permeable to water, owing 
to difference in total dissolved material 
on either side of membrane

solute



Salinity
•  Osmosis - movement of pure water across 

a membrane permeable to water, owing 
to difference in total dissolved material 
on either side of membrane

•  If salt content differs on either side of a 
membrane, osmotic pressure is created,  
water moves across in direction of higher 
salt content



Salinity
•  Example of osmosis problem - animal 

with a certain cellular salt content is 
placed in water with lower salinity: water 
will enter animal if it is permeable - cell 
volume will increase, creating stress



Salinity
•  Experiment - Place sipunculid Golfingia 

gouldii in diluted seawater. At first 
volume increases, but then worm excretes 
salts through nephridiopores, regulating 
back to starting volume
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Salinity
•  Diffusion - random movement of 

dissolved substances across a permeable 
membrane; tends to equalize 
concentrations

•  Diffusion: movement of solute=dissolved 
material

•  Osmosis: movement of pure water



Salinity
•  Diffusion - random movement of 

dissolved substances across a permeable 
membrane; tends to equalize 
concentrations

•  Problem - diffusion makes it difficult to 
regulate concentration of physiologically 
important ions such as calcium, sodium, 
potassium



•  DIFFUSION - PROBLEM OF 
REGULATION OF ION 
CONCENTRATION

•  OSMOSIS - PROBLEM OF 
REGULATION OF CELL VOLUME

•  Both processes occur simultaneously!



Salinity �
Ion Regulation

•  Done by many species, but best by 
crustacea (e.g., crabs), vertebrates

•  Accomplished best when isolation of body 
from seawater is possible (e.g., crab 
carapace, fish skin) so exchange and 
regulation localized

•  Cells exchange ions through channels 
between cells and circulatory system, 
tissue fluids

•  Poorly accomplished by species with 
“porous” covering (e.g., echinoderms, sea 
anemones)



Salinity �
Cell Volume Regulation

•  Osmolytes: organic substitute for inorganic 
ions (Na, K, Ca) - allows regulation of cell 
volume and maintenance of inorganic ion 
concentrations

Examples of osmolytes:
!Free amino acids used by many 

invertebrates, bacteria, hagfishes. Use 
uncharged amino acids that have little effect 
on protein function (e.g., glycine, alanine, 
taurine)

!Urea used by sharks, coelacanths
!Glycerol, Mannitol, Sucrose used by 

seaweeds, unicellular algae



Salinity �
Crab Salinity Responses - Na

•  Blue crab Callinectes sapidus and shore crab Carcinus 
maenas

!  Salinity > 25: blood ion concentration tracks 
ambient water, uses osmolyte variation to regulate 
cell volume 

!  Salinity < 25: also strong regulation of Na and Cl, 
down to low salinities, probably hormone regulated

!  Gill is the focal organ involved in regulation and 
the various Na pumps are crucial regulators



Mantel, L.H.,  and Farmer, L.L., 1983 in L. 
H. Mantel, Biology of Crustacea, v. 5, pp. 
53-161, Academic Press

1:1

25



Towle, D.W. 1997

Amer. Zool. 37:575-584 K+



Salinity
•  Bony fishes need constant osmotic regulation  

cell fluids = 1/3 salt content of seawater



Salinity recap

•  Salinity variation: estuaries, tides, coastal 
environments

•  Diffusion, Osmosis
•  Regulation of cell volume, crucial ions such 

as K, Na
•  Cell volume: osmolytes (amino acids, urea)
•  Regulation of ions: across body wall, cell 

membranes-”channels”



Oxygen
•  Need for oxygen – increases efficiency of 

production of ATP - energy source in cells
•  Some habitats are low on oxygen - 
!Low tide=low oxygen for many intertidal 

animals
!Within sediment - often anoxic pore water
!Oxygen minimum layers in water column - 

where organic matter accumulates at some 
depths, especially below upwelling zones

!Seasonal oxygen changes as in estuaries - 
hypoxic zones, “dead zones”



Oygen minimum layers



Oxygen
•  Oxygen: uptake, circulation through 

body, delivery to tissues
•  Oxygen consumption increases with 

increasing body mass, but weight specific 
oxygen consumption rate declines with 
increasing total body mass

•  Oxygen consumption increases with 
activity – correlated with metabolic rate



Oxygen
•  Nearly all animals are obligate aerobes-get ATP 

with Krebs cycle, but many animals have a mix of 
metabolic pathways with and without use of 
oxygen (without: anaerobic pathways)

ANAEROBIC PATHWAYS:
!  Vertebrates and some invertebrates use glycolysis 

- breakdown product is lactic acid, which 
accumulates in muscle tissue; other pathways as 
well (glucose->succinic acid in fish)

!  Many invertebrates,fish have (glucose->)alanine 
and (glucose->)succinic acid as anaerobic 
breakdown products



Oxygen uptake mechanisms
!diffusion - orgs. a few mm thick
!larger animals:feathery gills - high surface area 

to absorb oxygen; mammals have lungs with 
enormous surface areas to take up oxygen

Larger animals also have circulatory systems that 
circulate oxygen to needy tissues. Many have 
oxygen-carrying blood pigments

Flatworm, diffusion Clam, gills



Oxygen
• Blood pigments: substances that greatly 

increase blood capacity for transporting 
oxygen – many different kinds

Hemocyanin - copper-containing protein, found in molluscs, 
arthropods

Hemerythrin - iron-containing protein, always in cells, found in 
sipunculids, some polychaetes, prapulids, brachiopods

Chlorocruorin - iron-containing protein, found in some 
polychaetes

Hemoglobin - protein unit (globin-tetramer in mammals) and 
iron-bearing porphyrin ring (heme), found in many 
phyla(chordates, molluscs, arthropods, annelids, 
nematodes, flatworms, protozoa) – 70x multiplier in 
mammals of oxygen capacity



Heme



Structure of heme is oxygen- and pH-sensitive



Oxygen

•  Oxygen dissociation curve showing 
percent of Hb in blood bound to O2
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Oxygen 
•  Bohr effect – low pH  

Bohr
effect
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Oxygen
•  Hb ability to hold oxygen decreases with 

decreasing pH - Bohr effect
•  pH is less near capillaries that are starved for 

oxygen, owing to presence of CO2 released 
from cells - Hb releases oxygen, which diffuses 
into cells



Countercurrent
exchange uptake
in crab gills
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The End


