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ACTIVITY

Because many dinosaurs are so big and apparently active, researchers have explored the possibility that they were endothermic.

1.  Why might you expect that a large animal like some of the dinosaurs would be able to maintain a body temperature above ambient?  Have you seen other non-mammalian examples of that?


One way that an ectothermic animal is different than an endothermic animal is in their growth rates.  Since endothermic animals are able to maintain a constant optimal temperature, regardless of habitat, they are assumed to have faster and more constant growth rates than ectotherms.  

2.  How could you use this assumption to test whether dinosaurs were ectotherms or endotherms?


Determining statistically comparable growth rates for even extant vertebrates is a challenge.  The data you’re going to look at is based on a determination of Absolute Growth Rate (AGR) using phylogenetic generalized regression equations standardized to the body mass where maximum growth occurred (different taxa will have their maximum growth rates at different points in their life histories, corresponding to different body masses.). (Werner and Griebeler, 2014)  The initial fitting of a regression to the various vertebrate groups compared is shown here in Figure 1:
[image: Macintosh HD:Users:sgilman:Desktop:Werner Fig 1 Regression AGR-Mass.png]

3.  List which vertebrate groups are represented in these data in Fig. 1.  How do the non-avian dinosaurs (sauropsids) compare to the extant vertebrates and why are these data important to this study? 


Here in Fig 3 are the regression models for growth rates at body mass of maximum growth for each group examined, and the dinosaurs.  They compare these to a previous study (Case, on the left).  Let’s just look at the new data on the right.  
[image: Macintosh HD:Users:sgilman:Desktop:Werner Fig 3 summary of growth rates.png]

4.  What can you conclude about growth rates of the non-avian dinosaurs?


One important thing here is that the range of growth rates for each group are particular to the group, meaning you can predict a typical range for a growth rate of a fish versus that of a bird, say.  So the fact that the dinosaurs fall above between reptiles and mammals suggests that they are maybe not quite ectotherms, but also not quite endotherms.  This is why the debate goes on.

5.  In addition, temperature isn’t the only thing that affects growth, right?  What other variables affect growth rate?


6.  One other thing to consider:  a lot of dinosaurs evidently had feathers.  How might that fact relate to the ecto- vs. endothermy debate?  (This will be easy to answer once you’ve read the chapter on endothermy!)

The jury is still out then on whether dinosaurs were ecto- or endothermic, but many of them were large, and so as you noted earlier, they would have been able to retain some heat like other large extant ectotherms.  Would this have done them any good?  

7.  If you look at the simplified Diapsida cladogram in your text (Fig 16.2 in VL9), is there an ectothermic extant animal that is a close relative and might also be large enough to retain some heat and thus could serve as a model for dinosaur activity?

In fact, birds and crocodiles are extant archosaurs, phylogenetically bracketing the dinosaurs.  This fact is used to infer much about dinosaurs.  For example, since both birds and crocodiles have 4-chambered hearts, lungs that function with unidirectional airflow, and various other structural similarities, and share behaviors such as parental care and signaling, it’s assumed that dinosaurs shared these too.  But birds have much higher metabolic rates and are endothermic, while crocodiles behaviorally thermoregulate and have low, ectothermic metabolic rates.  So which way do the dinosaurs tend?  So far you’ve looked at evidence from growth rates and found that the dinosaurs are perhaps more ectothermic than reptiles but less endothermic than mammals (and well below birds).  Would their ability to retain heat due to size be sufficient to confer an advantage in power that might be useful in catching prey or avoiding predators?  Is that the case with big crocodiles?

The Seymour (2013) study looked at this question by measuring the power and endurance of crocodiles of various sizes and comparing that to similarly sized mammals.  He looked at estuarine crocodiles (Crocodylus porosus) which get up to 1 ton in size and can maintain an average body temperature over 30°C.  They serve as a suitable model for a large dinosaur and might exhibit the optimal physiology that a high, stable temperature allows endotherms.

8.  First, what is the difference between aerobic and anaerobic muscle, in terms of what it is best used for?


Here is an arithmetic summary of the data comparing the power of similarly sized crocodiles and mammals (Seymour, 2013):
[image: Macintosh HD:Users:sgilman:Desktop:Seymour Fig 5 arithmetic croc power.png]

9.  What can you conclude about the power achievable by a crocodile able to maintain a body temperature above 30°C versus a mammal that can maintain a stable temperature at 38°C?

10.  What is the difference between a standard and basal metabolic rate?

Look at this figure summarizing the power data on the crocodiles and mammals, scaled to larger body sizes like you might see in dinosaurs (Seymour 2013):
[image: Macintosh HD:Users:sgilman:Desktop:Seymour Fig4 log croc-mammal power.png]

[bookmark: _GoBack]11.  Can you think of a large reptile that chases down its prey in the way of, say a cat?  If dinosaurs were physiologically similar to crocodiles, who do you think would likely “win” in a battle between a dinosaur and a mammal?  Why?
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Figure 5. Total power output in Crocodylus porosus compared to a mammal of the same size. Aerobic (blue bottom) and
anaerobic (red top) fractions of the total are given for animals weighing 1, 10, 100 and 200 kg.
doi: 10.1371/journal pone. 0088361_g005
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Figure 4. Allometric analysis of power output in Crocodylus porosus compared to mammals of the same size. SMRis the
standard metabolic rate, Aerobic is the aerobic power and Totfal is the sum of aerobic and anaerobic power output. Equations for the

lines are provided in the text.
doi: 10.1371/journal pone. 0088361_g004
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Figure 1. Regressions of maximum absolute growth rate (AGR) against body mass at maximum growth (BMatMG) for (A) different
vertebrate groups and (B) for sauropsids only. Grey=altricial birds; black=precocial birds; red=mammals, red circles with black
contour = eutherians, red circles with grey contour = marsupials, red star= blue whale; green=reptiles, dark green triangles = crocodiles; blue =fish;
orange =dinosaurs, orange squares=sauropodomorphs, orange triangles upside down=theoropds, orange triangles= Archaeapteryx, orange
circles = Psittacosaurus. Lines shown are regression lines with a slope forced to 0.75 (consistent with our empirical findings and with theory). For
values of the intercepts see Table 2. Data on growth rate and body mass of the blue whale are from Case [9]. Please note that the blue whale was not
used to establish our regression model on mammals. Also, crocodiles were not used to establish our regression model on reptiles. Crocodiles were
not included in the phylogeny of reptiles, which was needed for PGLS.

doi:10.1371/journal pone.0088834.g001
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Figure 3. Comparison of (A) Case's (1978) regression models with (B) our regression models with studied dinosaurian growth rates
shown. Presented are the regression lines of altricial birds (black), precocial birds (grey), mammals (red), and reptiles (green). Orange points are non-
avian dinosaurs: orange squares=sauropodomorphs, orange triangles upside down=theoropds, orange triangles = Archaeopteryx, orange
circles = Psittacosaurus. For intercepts and slopes of regression models see Case (1978) and Table 2 (our models).

Hoi:10.1371/journal pone0088834.9003




