

BISC 205, October 19, 2026
INST BAINS: Okay. Everybody, let's begin for today.
So as you probably noticed, the multiple choice section of the midterm is already marked. Easier to I promise the -- we got it done. During tutorial you will view that portion. The short answer one takes longer to mark so you will view that one next week in tutorial.
In terms of the average for the multiple choice section, it was about 70 percent. 8.4 out of 12.
That's the average. Still pretty good overall.
But I just have to make it clear, whales are not fish, they are mammals. So some of you in the short answer -- small amount, I mentioned it. It's proven, I mentioned it multiple times that whales are mammals and some people treated them as fish when came to looking at the circulatory system. Don't make that mistake again down the road if you were one them. I marked my section of the short answer for one of the versions. I think Maryam did hers and we will swap to keep it consistent. After the swap we will finish mark the short answer and put the scores up. One column for the short answer...the total overall will count in the end. 52 marks...and if it stays 52, the average is high, stay 52, if I bump people up to help
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them out I can make it out of 50 for example. I can do that if I want. I have a bit to play with and that's fine. The other thing to note. Some people forget, I said at the intro lecture, even though your midterm sections are worth 25 percent each I will keep my promise that the stronger midterm moved up to 30 percent and the weaker one moved down to 20 percent.
You have that leeway if -- some people like, oh the exam was fine. And some like, oh I crammed and I shouldn't have done that probably and that's fine. Some people take responsibility on their own. I appreciate that.
No one is perfect. But as long as you know what to improve on is great. But the aspect of attending tutorial and participation and attendance, that can help you. There's buffers zones to help students but if you didn't do as well as you thought or you wanted to, for the first midterm -- you got some of the percent. Didn't get 0. Not at the bottom. You climbed the ladder a certain way and you are at that point at this point. But we will send out the -- I will send out the Canvas announcement when the short answer section is done but for tutorial this week you have some questions to work on with the stuff I started up with the respiratory system and what I will



do today and there's a chance for you to review your multiple choice section of the midterm.
So where we left off, looked at three different types of ventilation. Ventilation is movement of respiratory medium over a respiratory surface. Can be air or water. One is non-directional. The respiratory medium can move any direction over the respiratory surface. And found if you were skin breather or cutaneous respiration or external gills you used this and I mentioned we will go over graphs. Usually set up as partial pressure of oxygen and low to high and distance. [Reading] there's two curves you see.
Along the exchange surface so basically, from the start of the exchange surface to the end of the exchange surface. If you wanted to treat the distance that way. We notice two curves. One is brown, one red. The brown is medium's PO2 levels.
And the red one is the blood's PO2 levels. You can treat partial pressure of oxygen as concentration of oxygen. That's fine.
If we look at non-directional ventilation we notice when comes to the medium the Po2 levels...source of the medium usually has high levels of the oxygen dissolved already, air or water. And no



matter what will happen, those PO2 levels will stay constant right through the whole process.
Okay? Of ventilation. Nothing is really going to change. It's just a lot of oxygen in that medium.
However, when we look at the blood component, you can see on this graph. Respiratory surface, medium flow. Blood flow is moving in one direction over respiratory surface. The arrow...and at the end, past the respiratory surface so this area here, the blood is deoxygenated. Really low oxygen levels to begin with. You see on the graph is low. As the blood passing through the respiratory surface, oxygen taken up and you will basically become more oxygenated. So the blood leaving the respiratory surface will have more oxygen at the end of the process. Generally the PO2 levels here will never really exceed the PO2 levels in the medium because it's so high. Even though you require oxygen in the blood you will not hit that same level. If you think about what oxygen binds to is, the hemoglobin in red blood cells. It has a limit. You will saturate it at some point. The PO2 level -- the levels are close at the end but the PO2 levels in the medium will be higher in the end.
Now, the second graph is similar.



Except the differences is that the respiratory surface now thicker. So the diffusion distance is longer. If you have a thicker respiratory surface the rate of diffusion goes down. Yes you will still be able to take up oxygen but not get it high enough compared to if the thickness there is thinner. Some say I see arrows in the blood and not medium. It's non-directional ventilation. Coming in different directions. How would you show that on a graph that's pretty much got 0 slope to it? So again, they pointed the direction which the blood will move in one direction but the ventilation moves in different direction. So no arrows on the medium curve. Any questions about that so far?
STUDENT: Is this slide...move to...
INST BAINS: Yes. So even moving the gills around will also cause the medium to move in different directions. So if you have external gills you can move the gills around in many different directions.
Good point.
All right. So we will continue on.
Now go into tidal ventilation. As reminder, a lot of the organisms like mammals and insects and...as animals breathe in the incoming fresh medium mixes with stale left behind. You have residual left.



So lungs don't collapse. The PO2 levels in the respiratory cavity, not all animals have lungs.
Insects have a trachea system and -- the PO2 levels won't be as high because mix with the old air still left in the lungs. [Reading].
As you get closer to the respiratory surface, mixed with the old air so drops to 60. That's the highest.
The curve here, same two curves, we have now the inhaled air, medium. It will be high. 100. By the time we basically start moving into or making contact with the respiratory surface you see it starts to drop. You mix the new air coming in with the old residual air. Lower.
So see a bit of drop. When you exhale, you are not exhaling oxygen, it's CO2. A bit of oxygen will come out but lower level than the inhaled air.
Compared to the non-directional ventilation we see the medium curve changes. Not constant.
Says here that oxygen diffusion [reading]. This example here, we will say it's the lungs here. And the respiratory surface here like the alveoli because surrounded by capillaries. Deoxygenated blood [reading] oxygen will start to move in. See the increase that takes place and then basically you get



oxygenated blood. So you do get similar type of trend as non-directional, deoxygenated to...the exhaled PO2 levels and the oxygenated blood PO2 levels are getting close but again the oxygenated blood PO2 levels won't exceed any of the medium's level. Inhaled or exhaled. The last point, the PO2 levels of the blood...[reading] but it won't match or surpass it.
Everybody okay with that?
Again, when comes to the graphs, what I will ask you is you won't be asked to draw them. If I give you a picture of it you should tell me what type of ventilation it represents for example or it could be what type of organism has that type of ventilation but I will say here is the curve.
Then we have uni directional. There's two ways in terms of the medium -- how the respiratory medium makes contacts. Counter current flow. Two media.
Water or air. Going one direction. Blood going the opposite direction. I will talk about the curve after. I have a picture there.
In up coming slide.
The other is cross current. The medium passes over several blood vessels and passes oxygen in but the blood vessels make contact with the media and the contact is perpendicular. Forms a crux as you see.



As oxygen moves into the different blood vessels they will all accumulate into one blood vessel at the end that will become fully oxygenated at the end. In this example, avian lungs. Bird.
When comes to counter current, this involves the fish gills. When comes to the numbers, that's the partial pressure of oxygen in millimetres of mercury. Remember we compare the leaving points of blood versus the medium. It's 35 in the medium but now at 65. We have a system in which the PO2 levels in the blood exceeds the level that is leaving -- exceeds the PO2 levels in the leaving medium.
Okay?
If I go over here, for counter current, we have basically 100 millimetres of mercury. This is water here. Gill.
When you have deoxygenated blood...as two mediums cross paths, oxygen start to move into blood and end up with 75 in the oxygenated blood and the level medium is 25. Here.
So 25 versus 75. ...that would exceed the PO2 levels of the medium that's leaving. Uni directional ventilation is better than the other two in getting more oxygen from the environment that organism is in.
So I have another point here. Talked about



crocodiles and they had uni directional ventilation. More on the cross current side than the counter current. And again, there's not a lot of physiological experimental data to demonstrate this. Because you need to do this when the crocodile is alive. Who want to do that? But more studies recently, now more conclusive that it's cross current for crocodilians. Because both systems are good at bringing in oxygen, the blood's PO2 levels are high compared to the exiting levels. There is one better than the other. Look at the numbers. Which of the two would be a better system at extracting oxygen? I want you to discuss with your -- the people around you.
Look at the numbers and think about, which one does a better job at extraction?
Remember all we care about is how much oxygen gets into the blood at the end. Which is better at extraction. If you have answer put a hand up so I know you are ready to go. Some people have an answer.
Okay.
All right. We will get everyone involved here.
Put your hand up for one or the other. Counter current? Cross current? The answer if we look at max oxygenated blood, for avian it's 65 millimetres of



mercury on average but counter current is 75. So this one is higher than this.
And so as a result, it is the counter current system that's better at extracting oxygen. Counter current deals with fish gills. Water environment. Last class I talked about how diffusable is oxygen in water...so you need a system that can extract any diffused oxygen even when less of it. So it makes sense that the counter current system in fish gills should be better than avian lungs...you don't need to extract every molecules out...to maintain your metabolic needs. Questions? Okay so in terms of the graphs, as I mentioned before when comes to counter current -- I will put all the points up and explain the graph to you.
Remember they are going opposite direction.
This graph is the easiest to identify. In terms of the medium, and when comes to medium the starting point is here. The medium has high PO2 levels to begin with...as passes through the gills this will drop. When comes to the blood, deoxygenated blood...as oxygen is moving into the blood, then we have the oxygenated blood so this the leaving point here. Starting and stopping -- starting like the entering and exiting points are different parts of the



curve. Blood is entering here...so you infer that from the arrows in the end.
But if looking at the exiting medium, see the PO2 levels here are higher than the one that's exiting the medium in the end here.
Okay?
And then when comes to cross current, as I will put the points up, same idea. Medium high amounts of oxygen. Air. It will drop. Some oxygen will already go into the blood of bird lungs say, but when comes to the capillaries more at perpendicular...but in the end, if we talk about exiting points, the oxygenated blood is higher than the medium's PO2 levels so that's -- just like with counter current your blood will have higher PO2 levels than the exiting medium's...the graph is unique you will be able to identify that.
So I have a question here.
Poor SHELDON. May have done that before the midterm or after.
[Reading].
You also have none of the above.
And then if you -- I have a follow up question to this after. Let's do this one first.
Double check your answers with people around you



if you want.
So I will do a room check. How many have an answer so far? Most people. Anyone want to share?
Yes.
STUDENT: Yeah, D.


INST BAINS: D. How many say it's a chicken?
Yeah.
You have that. It's a bird.
Avian. Uni directional. If you want to mention -- this is cross current that's involved there. The follow up is the other organisms.
Cockroach?
Yes. STUDENT: Tidal.
INST BAINS: Yes. They have that.
Now, the frog depends on the situation. Rights?
Where comes to this, if under water, it's a skin breather so that's non-directional but on land using their lungs. Tidal. Humans are tidal too.
Now, I have another question, where again which of the following represents tidal ventilation. The four curves you look at -- never be asked to draw them



but you should be able to identify them. [Reading].
Okay. Starting to see some people look like they are nodding. So I will ask, how many are done? A lot of you.
Who wants to share their answer for this one? Yes.
STUDENT: C.
INST BAINS: How many say C?
Yeah. It's C.
So let's play around. What is A?


STUDENT: Non-directional. INST BAINS: Correct. And B?
Doesn't talk about uni directional but we can be more specific. The arrows in opposite direction.
STUDENT: Counter current.
INST BAINS: And D? The one where the path of the medium makes contact with the blood and they are crossing, perpendicular is cross current. So we have that.
So another way I can ask this question is I can take out tidal ventilation and say which of the following represents ventilation with say involving an animal with say external gills?
Then you know, that happens in non-directional



ventilation so the answer is A in this case. You can see the style of question I will ask you. On the work sheet for this week's tutorial there's a question similar to this.
All right.
Now, in terms of -- I will talk about fish to start with. Cartilagenous fish and bony fish. Show you how they breathe. I want to mention the relationship between gas pressure and volume. Back to something you learned about in chem called Boyle's law where pressure and volume don't have a direct relationship. So if volume decreases say the respiratory chamber decreases in volume, the air pressure inside will increase. And vice versa if we talk about inverse relationship. If the volume increases the pressure will decrease.
The other point I wanted to make is if a medium has to move from one point to the other, each medium has its pressure, water or air pressure, they will always move along their pressure gradient. There's no active pressure movement.
So go from high pressure to low pressure all the time. Keep that in mind. So leads to the fish gills.
The sciency name for the cartilagenous fish --they tend to use a buccal pump for gill ventilation.



The buccal cavity is in the mouth. Picture of a shark. Imagine looking head down, from above, and you open the shark up and looking from the top down, what we will notice is that the -- this is the mouth region, so we say here using the curser here this is the buccal cavity ads you see here. What will happen is the mouth will open and the buccal cavity will expand. Because the water is rushing in.
And so as a result, the water pressure inside is going to start to decrease as the buccal cavity is going to increase.
So by setting that system up the outside pressure water pressure will be higher compared to the inside buccal cavity so more water will start to move in from high to low.
So you are changing the size of the buccal cavity to facilitate the movement of water into the mouth and make the cavity larger so the water pressure inside drops as a result.
So everybody okay with that part?
The other thing I want to mention is that there's also another way for water to enter beside the mouth, spiracles, as a pair of nostril like structures on the top of the head. Have valves. Now they are open to bring water in.



Then what will happen, the mouth and spiracles will close and the muscles in the buccal cavity will contract.
So what will happen is that the buccal cavity volume will start to decrease as the muscles contract so the pressure inside is going to increase.
But the direction of movement won't be out of the mouth or spiracles because they are closed so the water will go over the gills. And you see that here. The gills receive the water and then basically move out of the slits -- gill slits.
And as I mentioned, sharks and rays and skates are all...they all have internal gills but they are --they have some protection but the bony fish have way better protection. So we say the buccal pump acts as dual pumping mechanism to bring water in and as force phase to make sure the water passes over the gills so there could be a question where I ask you to describe how ventilation occurs in elasma branches and students use point form often. It means cartilagenous fish.
You should know that.
Now the one that involved with a bit more work is bony fish. Before I talk about their ventilation want to set it up. Have buccal cavity and a second cavity, the second cavity is called a orpicular



cavity. The gills are heavily protected...since the plate covers the gills, and there's orpicular valve that can open and close, there's orpicular cavities. There's four gill arches present...there's a picture where we lifted the opercular -- on either side and you see the gill arches there. We will talk about what is a gill arch made of? Gill filaments. Here are two of the four gill arches and each has projections that form a V shape. Primary lamella.
And so here is one primary lamella, here is another one.
And you have a series of these primary lamella stacked on top of each other for each gill arch.
Then what we will notice is that there's going to be these extensions or interdigitative folds on the surface of each...secondary lam laid are going to be thin walled as you see here. Here is one of the primary lamella and on the surface is a bunch of secondary lamella and if zoom in, thin walled and this is where the capillaries in there. So the gas exchange occurs you see the water flows one way, blood flow the other way, the counter current exchange here. But many secondary lamella, multiple points on each gill arch in the end...so the secondary lamella are thinned walled and vascular...



So based on Fick's law, again I won't talk about diffusion constant, K here, I will talked other parameters, why are fish gills effective as acquiring oxygen from a structural point of view. The lamella are thin membranes, have, so small diffusion distance. Lamella provide [reading] and many secondary lamella so the fish -- lamella have a higher surface area compared to ALVEOLI in humans. And there's a pressure gradient between the water and blood in terms of PO2 levels...here is 150 on one side. As incoming water. That's the highest and the deoxygenated...that's a large difference so will help facilitate more oxygen to move into the blood quickly. So again, those are more structural based aspects that allow us to use Fick's law to explain why fish gills are good at acquiring oxygen. They use do a counter current exchange. Blood flow in one direction in each secondary lamella and the water moves in the opposite direction. ...extraction rate not 100 percent...but
150 was the max of the PO2 of water coming in. When comes to the amount that will go from deoxygenated to...went from 20 to 140 went plus 120. Acquired 120 as additional PO2.
So 120 over 150 is 80 percent.
So it is very effective way of acquiring oxygen.



Even when water holds...they need good extraction system because already less oxygen in the water to begin with.
So in terms of teleost fish [reading] the way it works, I will talk about this -- I will mainly talk about first three steps. Step four is transition phase to go back to step one. Repeats over over again. To start with, the mouth is open. There are no spiracles in teleost fish at all so there's no separate entrance point so water comes in through the buccal cavity -- mouth and enter the buccal cavity.
Also valve here, stay closes. Buccal cavity expands and opercular...expands. If you expand those cavities the water pressure on the inside get lower and the water pressure on the outside is high so you bring more more water in as a result of that.
Then what will happen is the mouth will close at some point. The opercular valve is still closed but the buccal cavity will compress...and if the buccal cavity is compresses, then the volume in here goes down and the water pressure inside goes up. So it will be high water pressure here, even compared to the opercula cavity. This has not contracted yet. If you make something larger the pressure inside will be lower but if you make something smaller the pressure



inside will be greater. So water will move over the gills. It won't move out because the mouth is closed at this point. Now the water will move over the gills and what will happen at the end is that the mouth will still stay closed opercular valve now open...but the water going over the gills has to exited at some point, come out of the fish so the opercular cavity will compress to move the water out -- the exiting point where the opercular valves are at the end and repeat this process over over again when comes to the bony fish. Like I said, I explain each of the points in terms of pressure with you. If something expands, then the pressure inside will be lower but if something contracts the pressure...the movement of pressure is from high pressure to low pressure.
Questions about this so far? Okay.
Another question somebody may ask is opercular valves, found in elasma...no. Not enough form a...these valves are only found in bony fish and the external spiracles on the head are only...cartilagenous fish.
Now, here is another one. All right. What happens if -- all this involves muscles contracting and stuff so that takes some energy of course to



contract muscles to help move water over the gills. Is there a way for movement of water to occur without having to contract the muscle...there's a way. They use something called ram ventilation. Where they will start to swim at higher speeds. The mouth are open.
And as a result of their fast movement the water moves over the gills...and also into the opercular cavity and contact with rushing water so get oxygen that way too, without having to using buccal or opercular...to move.
We see this in bony fish. Like tuna, salmon and trout. Eels are bony fish too.
And this also applies to some sharks. Tiger sharks can breathe by alternating the buccal pumping...they can move water over their gills through that or they can use ram ventilation.
But however, some larger sharks like great white, hammer head [reading] don't have buccal muscles. So they are called obligate ram ventilators. They can switch from using ram ventilation or buccal pumping...
But if you are obligate ram ventilator you have to use ram ventilation...they have to keep moving for the rest of their life or they will drown.
Because they don't have buccal muscle so even if



they stop moving there's no other way for them to move the water over their gills.
STUDENT: How do they sleep.
INST BAINS: They sleep but they also move at the same time. Imagine moving and sleep. May be that's why jaws was -- I don't blame him at all. But they keep moving.
With ram ventilation, there's advantages. Allows the fish to dedicate more energy to the swimming muscles [reading].
So I can have you -- ask question on the next exam, say what is ram ventilation and the advantages and disadvantages of that.
Speaking of disadvantage, more for obligate ram ventilation...but you have to keep swimming to survive and breathe. But and two, opening the mouth results in drag on the fish.
And thus affects locomotion. But the drag is minimized by having a stream lined shape. If you open your mouth and trying to run, there's a drag effect.
You won't be as fast as if you close your mouth but with these animals they have a stream lined body so drag is not too much on an issue but any drag is still a bit of disadvantages. Some advantages and -- I may ask for just the advantages or disadvantages or one of



each if I want to.
Questions about that so far?
Has anyone seen fish do that? Mouth opens?
Yeah.
Some people -- is that normal? Yes. It is.
It's interesting.
But please, I don't want people to do it themselves. One time a student wanted to try this and run up and down the halls with his mouth open. That won't work. You will be okay.
Now, the last part are air breathing fish.
I did talk about whales. Whales are air breathing mammals. They don't have gills but fish have gills and can be air breathers too. The reason is these fish tend to live in environments with water not high oxygen levels. Less oxygen so they can use gills to acquire oxygen but not enough...how many of the air breathing fish exist, 400 species of extent fish or what is the opposite of extant? Anyone?
STUDENT: Extincts.
INST BAINS: Extant is living. So 4 hundred. One of my favourites is the mud skipper. You see here there's a reason why they are called that. When come out of the water they prefer to be on muddy terrain and they have to skip.



So they can absorb oxygen through their skin.
And -- you see the mouths are open.
These two seemed not to get along but usually the mouths are open because some air -- where they make contact with a high density capillaries embedded in the wall of the mouth and throat so they can extract oxygen through their mouths and the throat too.
Another thing is they have gills so they have modified gill chambers that will when come on to land trap pockets of air and water. The water makes sure the gills don't collapse. They have to keep moving and the air is -- air has 21 percent oxygen and water has less so they can still move potentially some of that the oxygen into the water and the water into the gills in the end.
So yes, mud skippers are air breathing fish.
Someone has asked, do they spend more time in water or on land?
Actually, 90 percent of the time they are out of the water. Very little in the water. Tells you the water environments they live in don't have enough oxygen for them to just rely on gills for survival.
Have you seen these or heard about them? Some?
I will do another one here.



Electric eels. They have gills.
They get oxygen from the surrounding water environment even though it's low. There's a good reason why this person is using gloves. Won't touch them with bare hands. There's a lot of redness in their mouth.
So if there's a lot of redness, means high vascularization. So eels go to the surface, gulp air and the air can pass into the capillaries...cat fish. You see one holding one.
And their vascularization, they can gulp air and have gills. Where they will move the oxygen into the circulatory system is not in the mouth. In their stomach. The stomach is highly vascularized. Imagine using your stomach to breathe. They use it to digest to but also for breathing. They can survive out of the water up to 30 hours if enough oxygen stored in the belly.
I was going to mention -- I will do this one the bichirs. They are fish with lungs. They are [reading].
They can use gills, if they want, but the environment they live in doesn't have a lot of oxygen so they can choose to gulp air and use lungs. The



lungs are not symmetrical. One is longer than the other but still they have lungs. The last is the lung fish. Tells you what they do. They have the most highly developed air breathing organ of a fish. The lungs are highly vascularized. Many folds and pocket. [Reading]. The exception is the Australian lung fish that only has one. There could be a question on exam, air breathing fish, give me example and tell me how they acquire air for survival. 400, we didn't go over all but these are interesting examples of them. So I will stop here.
Next class I will be able to finish respiratory system and then the nervous system. I will change the notes. There may be stuff about action potential in the original. I will up date it and we will do the other earlier stuff instead. So I will up date that later today but, either way, we will do...tutorial, review this stuff up to here for the work sheet. See you next class.
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