
Lecture 22: Ectothermy vs. Endothermy 

· Richard Owen coined word “Dinosaurs” 
· Ectothermy = cold blooded eg. Dimetrodon 
· Endothermy = warm blooded 
Ectothermy and Endothermy refer to the regulation of body temperature

· Endothermic organisms regulate their body temperature internally and strive to maintain a constant temperature 
· Ectothermic organisms regulate their body temperature externally and their body temperature responds directly to temperatures in the environment. A cold blooded animal can move into the sun to heat up therefor is no longer cold blooded becoming agile and can strike. 
Body Temperature Variation 

· Homeotherms = organism in which the internal body temperature remains constant 
· Poikilotherms = organisms in which the internal body temperature varies. 
Poikilotherms 

· Ectothermic poikilotherms - most modern reptiles 
· Endothermic poikilotherms - bats/hummingbirds (need to work at a high activity level 
and need a constantly higher body temperature )
Endothermic homeotherms = humans 

Ectothermy and Endothermy are both beneficial. Neither is superior. 

Resting Metabolism 

· Metabolism = level of internal activity (cellular respiration and burning calories)
· Resting metabolism- level of internal activity with animal is at rest 
Metabolism 

· Tachymetabolic: an animal whose metabolism remains at a high level - typical of endotherms. Ectotherms cannot sustain energy for as long 
· Bradymetabolic: an animal whose metabolism slows to a low level of activity when resting. Have very high activities in addition to achieving a low level of activity when resting. Combo of Tachymetabolic + Bradymetabolic. Eg. Bears (body temp drops 4-5 degrees, and oxygen consumption drops to 50% during hibernation) 
Basic Biology of Metabolism 

· Metabolism is the process harvesting energy. Energy drives chemical reactions in the form of cellular respiration. Energy stored in glucose molecules released by oxidation. Breakdown of carbohydrates (sugars) through oxidation which converts to energy. 
· Adenosine triphosphate (ATP) breaks down into the Adenosine diphosphate (ADP). This breakdown is the release of energy. Heat is produced and the point of maximum rate of oxygen consumption is reached. 
Anaerobic metabolism

· When the amount of oxygen you breath in is not enough to sustain your activity what happens is glycolysis produces energy for you but it also produces lactic acid within the cells giving soar muscles. (detrimental in great concentrations). 
· Endotherms resting rate is approximately where an ectotherm’s point of lactic formation occurs meaning endotherms can sustain a higher level of activity for a longer time. 
Endotherms vs. Ectotherms 

· Endotherms need bigger food sources therefore Ectotherms will generally by more numerous because they don’t need as much energy (they can eat one meal and not eat for an entire year!) 
What were dinosaurs? 


Endotherms, ectotherms or a combination of both? 
The evidence: 


Must look at all methodologies to come to any conclusion. 


Must look at: Anatomical, histological, ecological, zoogeographic, phylogenetic, geochemical 
perspectives. 

Anatomical evidence: 

· an upright posture and gait in modern day belong to endotherms and a sprawling/wide gait common among ectotherms. 


· Fine neuromuscular control is used to maintain an upright posture in 

endotherms. 
· Evolution of fully erect posture is linked to activity levels of an endotherm. 
· Some dinosaurs have long leggedness and bipedalism which we assume are endotherms. eg. dromaeosaurus. 
· Need to look at the speed, levels of activity and agility of dinosaurs like slender, flexible limbs and joints, balancing tails all consistent with an endothermic metabolism. 
· Need to look at brains and the encephalization quotient (EQ), - measure of brain size compared to body size. Brain size and EQ of theropods and ornithopods exceed that of modern ectothermic lizards. Sauropods had extremely low EQ. Dromaeosarus has the highest EQ. High EQ linked to endotherms. 
· Feeding adaptations: endotherms would have specialized eating adaptions that require large amounts of energy. Secondary palates of ankylosaurs and hadrosaurs found in living turtles and crocodiles- ectotherms. 
· Body size- small dinosaurs could be endothermic or ectothermic. Large dinosaurs (might possibly overheat with endothermic metabolism). Where large dinosaurs mass homeotherms? (Able to maintain a constant temperature.) Where large dinosaurs gigantotherms? able to maintain a relatively constant temperature because of their large size. 
· Gigantothermy = homeotherms + large size, relatively low metabolic rates. Gigantotherms called mass homeotherms. Control of blood circulation in the peripheral tissue. Low surface to volume ratio (retains heat). Compared to Dimetrodon who has large surface to volume ratio. Problem with Giganthothermic animals is overheating. 
Histological Evidence

· Bones grow through remodeling (resorption of primary bone and redeposition of secondary bone) 
· Haversian bone; secondary bone with vascular canals (Haversian canals). Closely packed canals and rims. Dense haversian bone is mainly in endotherms (modern mammals and birds). Sauropods grow very large and their bones grow very large. Could be endotherms?
· Pterosaurs, advanced synapsids (mammals) have haversian bones. Age, nutrients, and stress can be responsible for the Havesian bone. 
· Bone growth = from embreyo to adult bone you get LAG’s (lines of arrested growth) in bones that develop yearly - similar to rings in a tree trunk. In modern ectotherms LAG’s grow when growth stops due to temperature fluctuations caused by seasonality. Most modern ectotherms don’t have well developed LAG’s because they live in relatively warm stable climates. LAG’s also linked to seasonality. LAG’s not easy to determine in ectotherms. 
· Growth rates in Dinosaurs: Determined by comparing dense haversian bones with the overall limb development. In Maiasaura dinosaurs it’s 3m per year in bone growth rate. LAG’s are in many dinosaurs (responding to seasonally induced temperature changes). Lags have not been correlated with climate changes yet because dinosaur life span may be 80 years and geological processes occur over a long time period. 
· “Growth pattern point towards ectothermy - however, different growth stages in arms and thighs”. *** i’m not sure what prof means here. She says this on one of her slides. I posted the question on the discussion board. Maybe low number of LAG’s associated with ectothermy?
· Ecological Evidence 
· Predatory endotherms need more food (lions need to eat constantly)
· Predatory ectotherms need less food (snakes can last a long time between meals) 
· Predator-prey ratio for endothermic predators is lower. Dinosaur communities also had lower ratios (based on fossil record). Compared Cenozoic mammalian and moderd endothermic predator populations. 
· Zoogeographic evidence (where animals live on the globe) 
· modern ectotherms restricted to tropical regions. 
· Dinosaurs migrated to colder regions. Therefore hard to compare to our modern ectotherms. 
· Did dinosaurs avoid cold climates? Endotherms? 
Phylogenetic Evidence 

· Endotherms have insulation (feathers, fur). Did the feathers on Dinosaurs keep them insulated? Evidence for endotherms. 
· All endotherms possess four-chambered hearts (prerequisite for endothermy) - high blood pressure and provision of high oxygenated blood separated from deoxygenated blood. Have not found a fossilized dinosaur heart. 
Geochemical evidence

· Measuring the temperature when bone is formed using Oxygen isotopes. Bones that are fossilized have been diagenetically altered, so original isotopic composition is not maintained. 
· In modern ectotherms that are temperature differences between bones in the centre of skeleton and in the extremities. Would want to test a Soropod because of large size. If even temperature then sign for endothermy. 
· Temperature difference of 4 degrees or less found in T. Rex, is it endothermic? Not much of a temp differences. Problems - recrystallization of bone. T.rex maybe a mass homeotherm (very large and able to keep an even temperature) 
Conclusion

· Diverse range of metabolic properties. 
· Belief that active theropods and ornithopods were endothermic. 
· Sauropods and other large dinosaurs were mass homeotherms or gigantotherms as adults 
· Could be all kinds of intermediary stages between ectothermy and endothermy.

