

BISC 205, October 5, 2026
INST BAINS: Okay. Everybody, let's begin.
So for those who wrote their quiz, your quiz marks have been posted on the grade book.
70 percent was the average. Which is probably when I taught the course other times before around the same starting point for students, first time you have done your first test with me and you see the style of questions there, remember the quizzes as a whole are worth way less than the midterm. So I also -- before I go to the midterm part, mention that the quiz will be -- you will have a chance to view it in your tutorial this week. I recommend that some of you do.
Usually, for me, as a student, it was not always trying to get something right that was valuable to me. It was if I got something wrong I had to learn what went wrong. And try to see if I can fix that and not make the same mistake twice.
I think that's even more valuable than just being right all the time. If you know somebody is right all the time that's boring and but we do makes mistakes and learning from those so you don't make it twice, especially on the major exam is more beneficial to you. Let's see what you know and may be some people are like I have to fine tune my studying so I
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get a better score on the next major exam. So you get a chance to look at that.
Also, Maryam and I produced some more questions for you to work on.
And also some of the questions you work on this week and tutorial involve some parts of the circulatory system today so just pay attention to some of that.
And also, like I said, when comes to the midterm that's coming up, next week all of a sudden. Monday is a holiday so no lecture that day but then the Wednesday, Friday combo. Wednesday is written section and Friday is the first 25 minutes is the multiple choice section.
And the Canvas announcement, covers the topics that will be covered there including the circulatory system and there's the respiratory system. It's not the entire respiratory system. We don't finish it but there's two components of the lecture which one is
in-person lecture which won't be on the midterm which I will start at some point but there's a recorded lecture and the recorded lecture is mainly dealing with -- remember S shaped oxygen saturation curves.
Right core shift and left core shift. What are factors that affect the binding of oxygen to hemo



global. That sort of thing. That's what is the recording will be on. Mainly. Encourage you to get started on that. You can do it at home.
I also have questions based off that for you to as a recording as well for you to see if you understood the concepts and got the questions rights based on the ones I provided.
Please make sure you do that. Like I said, only the respiratory pigment section or recording part will be on the midterm but not the in-person lecture.
Because the in-person lecture has a lot of new material in it. I usually give a break between my last lecture and the midterm day. I don't go right to the last day sort of thing.
Either way, let's continue with the circulatory system.
And we were talking about open versus closed circulatory systems and I said I will start to talk about some advantages of open circulatory system and disadvantages. And then also in terms of closed system, likewise, the advantages and disadvantages. In terms of advantages of open circulatory system, obviously, requiring less energy for distribution of circulatory fluid. If you think about most organisms with open system, tend to be smaller. For them to



basically maneuver the circulatory flood, hemo lymph here, around, not a lot of distance to cover. Not like you will expend a lot of energy for that.
Another way, it also renders animals less vulnerable to pressure.
So for example, as I mentioned to you before, open circulatory system, you are under lower blood pressure compared to a closed system.
And so think about organisms especially those that live in greet depths under the water, as you go deeper into the water, the pressure builds. If you go too deep you will be crushed by the weight of the water so it only makes sense for those organisms that live in the water for example where they are in that environment and dealing with that pressure all the time, why add extra pressure to the already every day pressure of the external component, why add another component of something internal that could be high blood pressure. Wouldn't be beneficial. Not likely for organisms to survive with the external pressure of the deep water and the internal high blood pressure if closed circulatory system that's a bad combination.
So basically, advantages in that's one less pressure to worry about.
In terms of the next one, less oxygen is needed



since organisms with the systems sustain themselves with a lower metabolic rate. When comes to disadvantages, less efficient in moving oxygen and nutrients to body tissues and cells. Now, this won't be a big deal for smaller organisms but when you are a larger organisms not the best idea to have open circulatory system. Has comparatively low BP...in a way, point one and point two go hand in hand so makes sense in itself.
Also the next one, says limited capacity to increase or decrease distribution and velocity of blood flow should changes be required. This point is mainly based on concepts of something called vaso dilation and vaso constriction. Animals in closed system like us have ability to vaso constrict, narrow or dilate, make them larger, based on what is going on outside the body. For open circulatory system it's not possible to do that, especially when the blood vessels don't have a lot of smooth muscle attached.
Usually when comes to vaso dilation and constriction there's a lot of smooth muscle associated with the vessel walls of the closed system...it's cut to a minimum when comes to the blood vessels in open circulatory system.
Also, better to sustain lower metabolic rate,



sure, but it's what is in the brackets that's disadvantages. Lower metabolic rates, slower movements. If the environment changes suddenly, it can be component of weaker adaptability that can be involved.
So especially something -- if the environment is not to your liking as an organism you want to move out of that and find something else. If you move slowly, you may not be able to find the suitable environment in time.
Then when comes to advantages of the closed system, most is reverse if you think about that. Again, more efficient at delivering oxygen and nutrients throughout the organism but it's because usually you have more blood pressure so you are able to move the blood which is now the circulatory fluid here to different parts of the body and if they are further from the heart so you can really reach all the extremities. When comes to blood, it's efficient at distribution of antibodies. Therefore your immune system will be stronger, helping the body fight infection more efficiently. The blood is moving and carrying antibodies and carrying white blood cells for example to eventually be involved in a faster immune response.





body.

No matter where the infection happens in the


It also has ability to increase and decrease

distribution and velocity of blood flow. So when comes to a closed system, you are able to vaso constrict or dilate your blood vessels and better to sustain higher metabolic rates. In this case, you can move faster, and also you have a better adaptability to any new changes in the environment. Therefore you can move to a more favourable environment quickly compared to if open system which is slower to move.
And the other thing it be if open system move slowly, if you are trying to capture prey, that's going to be difficult because you are slow moving and also it's more likely you will be preyed upon because you are slow moving. If closed system, faster moving and so you can evade predators or capture prey as a result. When comes to disadvantages, not many that apply to the closed circulatory system. Says compared to the open system, closed circulation requires more energy for distribution of blood. Heart has to work harder to pump blood faster to reach the destination quickly. Another one, since blood is contained in vessels a severe injury to a large vessel can result in rapid or significant blood loss. So when comes to the body,



humans, say, there's a reason why your veins are close to the surface of the skin and the arteries are deeper in the body.
Veins are usually under lower blood pressure relatively speaking compared to arteries. If you injury a vein the blood loss will be minimal. Low pressure. If you severe an artery, they are under higher blood pressure so as a result more blood will be lost in terms of volume. Makes sense to have the arteries deeper in the body for better protection and the veins on the surface.
And another one, it says a high pressure system like the closed circulatory system is susceptible to physical strains and blockages [reading].
So the more blood vessels you have, that there are clots blood clots that even in your body you probably have some now, impossible to be clot free but if any of them are loose, they will get loose but you don't want them to either cause -- come near the heart or brain because it lead to a heard attack or stroke. For example when we did back in the day when looking at med school body cadavers, and opening them, it was like, people died of natural causes but when you look inside the body, wow, the people have lot of blood clots. Amazing none of them got into the body to



cause serious results...there are some disadvantages. It's not perfect. But on the objectives, I can ask you to list X amount of say advantages, or disadvantages for each of the systems.
When comes to your worksheet question today in tutorial or for the ones on Wednesday, one of the questions will pop up so and I will just mention if I remember correctly something to do with the open circulatory system so may be before the tutorial, good idea to review the advantages and disadvantages for that.
Okay?
All right. Now we will go into single versus double circulatory systems.
I believe most of you have covered some of these in first year. Again, most students come across the human system but obviously -- amphibians have circulatory system and fish and now I cover those in first year. Not to the extent you will see here. But I don't know if that was done for you, some of you have done schooling here first year and some have done it outside. To make sure everyone on the same playing field I will catch everyone up on this. I will start with single circulation where the blood passing the heart once on each loop around the body. When comes



to say fish, this usually applies to fish, the blood -- look at the heart. Two colours they designate blood. Red and blew. The red is oxygenated.
Just to let you know. When comes to the blue colour, that's not what really is in your body. For example, your veins have for the most part deoxygenated blood. If you go for a blood test and see them extract your blood, it's safe to say that that vile doesn't look blue. If it does something is wrong.
So last time I checked, it was more of a dark dark red. It was a very -- can't see through it but like a dark dark red. Right? So really in your body, dark red is deoxygenated and the lighter or brighter red is oxygenated blood. When iron binds to oxygen it brightens the red colour to a bright red colour. But if they showed dark red versus lite red, may be hard for some people to see the difference so they use the blue and red to see the difference. Fish, the heart usually have a one atrium and one ventricle. Both... only contain deoxygenated blood. We usually have both deoxygenated and oxygenated in our heart.
If only have deoxygenated blood how do the heart cells get their oxygen. There's a systemic system



going to the rest of the body and some of the arteries will branch out into other arteries and some of those will come to the surface of those heart cells so the heart cells still get oxygen even though the heart chambers inside have deoxygenated blood. The fish have gills.
And so the oxygenation occurs there.
What you notice here also is there's no mixing of oxygenated and deoxygenated blood. It's completely separate. There are some organism that we will look at where there's possibilities of mixing to occur.
You may see the blue and red, mix they are purple.
So when comes to bony fish, salmon, trout, whatever, even rays and sharks, cartilagenous. They have a single circulation with two chamber heart. One atrium and one ventricle. The new part is the fact there are extra chambers, not in the heart but connected to the heart. You may not have come across that in first year. You will come across these more in third year. Some of the new terms in terms of components will be brought up then. But we have sinus venosus. A thin wall chamber outside the heart.
Atrium and...and that blood then moves into the atrium after. It's next to the atrium but not in the heart. A chamber connected to the heart.



If we look at the two hearts, they both have sinus venosus but there's a second chamber that connects to the ventricle. Both are arteriosus...interesting thing about sometimes in science or English, you name the first chamber the same for both hearts. Why not do the same for the other one? Great question. I can not answer that now. But this is what they have done.
The thing about the difference here is that one of these hearts is elsma(?)brain. Another word it's also known as cartilagenous like sharks and rays.
When do the respiratory system in-person lecture I will talk about elsma...so knowing I'm talking about cartilaginous fish. And we have the bony fish down here. They both have sinus venosus...but one is conus and one is bulbus. Cartilaginous starts with C and conus starts with C. If that helps you memorize, that helps me. What helped me may help you.
So we have a couple of extra chambers. Connect to the heart. More on the unique side. Not saying that sinus venosus are only found in fish. Last time I checked, my heart, as mammal, we don't have these. We will say they are unique for some organisms.
Now the big one is double circulation. Which most of the animals follow in the animal kingdom where



the blood will pass through the heart twice on each loop around the body. Amphibians like frog, [reading].
And mammals, all have double circulation.
And so what you will notice is that there's going to be deoxygenated and oxygenated blood components pumped separately from the right and left side of the heart. When comes to say the mammalian heart, like the panda bear, this is mammal. We see both colours of blue and red exist here but there's no mixing, but when we look at amphibians -- most reptile hearts you see there's some mixing.
Also when comes to double circulation, compared to single, double circulation usually under higher blood pressure.
So when comes to amphibians, like, frogs, [reading].
What you will notice is that they have what they call -- all animals have two circuits. One is called a pulmonary circuit. So the blood goes to the lungs and leaves the lungs. Amphibians don't have pulmonary circuit but they have pulmo cutaneous circuit.
Depends where the amphibians are. If on land, they will use lungs to breathe. So the blood will be shunted towards the lungs. If under water, doesn't



make sense to use lungs so the blood is shunted to the skin. Wouldn't that be great if we had that? We can jump into the water and breathe through our skin. But we don't have that but amphibians do.
But all the other animals we will look at, reptiles...can't breathe through the skin.
Oxygenation only happens at the lungs.
And the other circuit that applies to...is systemic circuit so the blood that is oxygenated will go to the rest of the body to feed the cells and then for the oxygen leaves the blood, the deoxygenated blood goes back to the heart.
What are adaptations of the double circulatory systems. Start with amphibians, frogs and [reading].
They have a three chambered heart. There's no septum, you see this purple colour. There's some mixing between the oxygenated and deoxygenate blood not 100 percent mixing. We see some distinct areas where...there's some miner mixing that occurs inside the ventricle. The two...[reading].
Either the pulmo...and there's some mixing that will occur in the ventricle. If you mix deoxygenated and oxygenated blood the concentration of oxygen will go down but that's okay for them because they don't need a lot of oxygen to survive. They are not really



we will say highly active animals compared to other animals out there. They will get sufficient oxygen regardless. So the ventricle pump the blood into a forked artery and split the...the systemic circuit again.
So significant advantages of this type is really the ability to redirect blood flow to the skin so you can breathe under water. But also when you are on land, to use your lungs to breathe but the main one is the fact you can breathe under water and that's through the skin.
Now what are some extra compartments here that come into play. They have sinus venosus and that's connected to the heart. Let me bring up like this figure -- see how it's pointing to this opening. So the chamber -- if you did the magic school bus thing and shrunk you and you went through the opening, that's the sinus venosus. Located at the back of the heart. The sinus venosus will open up into the right atrium. It's pointing to two sides here? The entire thing is the right atrium and there's something in front of it. This chamber...the chamber that's not directly in the heart but connected to it. Think on top of the right atrium in this picture. The right atrium is here but at the front you find this



conus...that's what the picture is about there.
So the sinus venosus which is behind the right atrium...and the pulmonary vein will bring oxygen blood from the lungs or skin back...which is behind the heart.
So eventually the blood will move from the atria to the ventricles and the ventricles...start moving out and will be the conus arteriosis. It looks like it's pointing to the opening here but it's pointing to the thin chamber here. It's not the greatest how they did the labelling but this is the largest picture I can fined with the different compartments but the labelling is not great. It's not points to the hole. It's pointing to this entire chamber here. And what we will notice is that there's something in this chamber that's unique.
That the fish conus arteriosis, the cartilagenous didn't have. We will notice here a spiral fold. It's just a little hinge or flap that spans most of this conus artereosis. It serves two functions. Because there's a flap -- there's some mixing that will occur because there's no septum, you will have oxygenated and deoxygenated blood going into...when the contract it's not even at one time.
Upon the contraction the right side of the heart



will -- the right side of the ventricle will contract first before the left side. So it's not like our ventricles that contract evenly together.
The right side will have more of the deoxygenated blood.
So that's where -- you have the right atrium.
Most funnel into the right side. When the contraction starts here, what will happen is the blood...start to flow into the conus arteriosis and move into the...artery because it needs to get oxygenated later on.
When the contraction spreads to the left side of the heart, the left side -- atrium usually has oxygenated blood so more on this side of the ventricle...so when this side contracts, that will move into the conus arteriosis and the spiral fold will move to the other side and the blood flow into the systemic arteries. The...so this flap will change its position left to right depending on which type of blood comes in to the conus arteriosis.
So even though I use deoxygenated and oxygenated blood I appreciate the fact some mixing will occur but not 100 percent. You will have still region of the blood volume in the ventricle that will have higher concentration of oxygenated blood and also



deoxygenated blood. So we have that -- minimizing the mixing of the blood. Helps direct the oxygenated blood to the systemic circuit and the...to the other circuit.
So usually when comes to unique structures, we did this form and function aspect before...we find in amphibians and note about why it's there. Based on the two point I mentioned to you here. Questions about that?
No? Okay.
Move on to the next one. Reptiles. So I will say this first.
Birds are reptiles too.
But their circulatory system is matching the mammalian. We will take them out of play to begin with. Look at turtles, snakes, [reading] they have a three chamber heart. But the ventricle has a partial or incomplete septum. Where the amphibians one had no septum.
And also if we look at their ventricle, it's kind of like in a way more like a -- has separate chambers in this one overall chamber. Or you can say three zones in this one chamber. So three names here, they divide it up into cavums. Don't need to memorize the names.



So the thing about this is that there will be some mixing that will occur, you see some purple, that will occur in the heart of a reptile. But it won't be as extensive as what you see in amphibians because of the fact that you have this what they call partial septum to really keep the two types of blood separate for the most part while it's in the ventricle.
So less mixing of oxygenated and deoxygenated blood compare to amphibians. Pulmonary circuit...
And the interesting one is, well, there's another exception.
We know birds have hearts similar to us. That's one exception. When comes to crocodilian reptiles, [reading], they have four chamber heart like us.
So they don't have three chamber heart. They have two atria and two ventricles. Complete septum. Why categorize their heart under the reptile side. If you have complete septum should have no mixing...but I will mention that there is a junction that exists outside of the heart.
So interesting about the crocodilian reptiles, two aortas...foreman is the opening and PANIZZA...this is where the mixing of the oxygenated and deoxygenated blood. Some mixing, occurs just outside the heart.
Since there's some mixing, okay, we can still



categorize you in the reptile category.
So when comes to the hearts here, if we go to the middle heart, the turtles snakes and lizard, you see basically two atria and one ventricle. I used this to explain what some designations. You have a partial septum. Some mixing that will occur between the de...blood. They will have four chambered heart and the mixing occurs at the foreman of PANISSA between the...and then obviously, when comes to mammals and birds, they have four chambered heart and one aorta...no mixing can occur inside or outside the heart any where. In the end, when comes to crocodilians...not inside the heart in the end.
So for those who want to know, there's a way to tell crock dials from alligators. I usually ask this to students. One thing if you are brave enough, I don't want people to approach crock dials and test what I will tell you, your life is important.
Generally when comes to alligators, if we look at snouts from above, a more U shaped is for alligators and V shaped is for crocodiles. Usually you look from the sides, not the top. The best thing is look at when their mouth close, what teeth are seen when the mouth is closed. If you see both the upper and lower teeth, that's crocodile. If you only see the upper



teeth and not the bottom, that's the alligator. So alligators most species are fresh water animals and depending on the species of alligators can be...fresh water or salt water. Students ask, what is the difference between the alligator and crocodile, now you can show off your knowledge to show your friends, ask if they can tell the deference. Most will not talk about physical characteristics, they will talk about habitat. Something to pass on that you learn from me today.
Mammals and birds I will go through this quickly. [Reading].
So the left side of the heart -- when comes to left and rite of the heart it's not the visual. It's the target heart so facing you, their left and right. Imagine it's my left and right. Left side contains oxygenated blood. [Reading] the right ventricle and right atrium contains deoxygenated...there's no mixes and has the two systems of pulmonary circuit and...that would be great being able to breathe through our skin while under water would be greats but we don't have that unfortunately.
And this picture here is mainly to show all the different hearts that we looked at. From fish all the way to mammals. Talks about how many chambers



involved with the heart for example. There can be good review for you and the reason why I bring this up, there will be a question on the midterm -- two pictures of animals. And I will ask you to list the differences in their circulatory systems. May be four differences.
Okay? So you can talk about the blood -- type of blood they have. Is there mixing of oxygenated and deoxygenate. Yes or no. You can talk about structure of their hearts. Unique structures that may be one heart has that the other heart doesn't have. Those are the type of things that you can use as towards your answer.
So I will give you two pictures of the animals.
If I give you a picture of a whale, fish or mammal? Mammal. Whales don't have gills.
All right. Let's try a question here, short answer. Table.
So this table is also good way to look at the differences and similarities of the animals we looked at. I will give you the following animals and your job tell me how many atria and ventricles. Septum.
And is there any point where there will be mixing of oxygenated and deoxygenated blood. Work on that and well see what you come up with. The work sheet



question will have something similar to this. Good practice now and during the tutorial too.
The last column should be easier. That applies to you.
But it's the first four columns you just need to remember some of the stuff that I mentioned to you.
You can talk. Everyone is quiet. But I know some people -- it's okay to be in a chatty mood. You can talk. Complete silence is really eery to me.
I will do a first room check. How many have done the table or mostly done the table? Put your hand up. Most have so far.
Okay. All right. If you have not, don't worry about it. We will get through this.
So I will go column by column.
So when comes to bony fish and sharks, how many atrium, ventricles do they have?
Yes? One each. Yes. Two chambered heart.
What type of septum do they have?
Going back to the fish one, go ahead.
STUDENT: No septum.
INST BAINS: Exactly. None. When you look at the ventricle. There's no septum. Is there any mixing that occurs in their circulatory system? I see some nods going up and done...what did I say?



STUDENT: All the blood in the heart is deoxygenated and then goes --
INST BAINS: Mixing? Did you see purple colour...the answer is no. So therefore no mixing that occurs. And note that the heart only contains deoxygenated blood. Oxygenate only occurs at the gills.
Amphibians. Atria?
I see this. Peace sign. Two. Ventricles?
That's the four finger, not the middle finger?
I've been given that sometimes after the midterm.
Yay. So one. All right.
We are all adults here. Just trying to bring some levity here.
So next one. Type of septum.
Do we have one? Partial? I see people saying
no.
Exactly. Is there any mixing that occurs in the
circulatory system. Yes. ...chances are mixing of blood.
Okay.
Let's go with the typical reptile.
Like lizard. You probably end up with two and



one. But what type of septum do they have now?
They have a partial people are saying? Also known as incomplete. I don't mind either word you use. Any mixing that occurs? The answer is yes. Not as extensive as amphibians but still some mixing occurs. Crocodiles?
How many atrium and ventricles? Two and two. Four chambered heart. Septum?
Complete. Usually when you see two ventricles...left side and right side. So it's complete. Any mixing that occurs? Yes.
It's not inside the heart but at the foreman of PANIZZA. The reason I bring up foreman of PANIZZa try to spell it the best you can. I have seen people say fort of pizza. It sounds like it but I forget what the real name is. I can give a smiley face but that doesn't mean you get a mark for that. Some people come up with inventive names...the last part is simple. Applies to you guys. Two and two. Four chambered heart and complete septum. But no mixing, for mammals and birds. Another question. Which is true. Some of the information is earlier on...but there's E all of the above statements are false. Read that and see what you come up with. Looking for the true statement.



Just double check your answers with a neighbours and see if you have the same letter.
Okay.
So how many people are done? Put your hand up so I know? Most people. Want to share your answer. You can say I think or we think.
STUDENT: All are false.
INST BAINS: That a we or I? E? How many say E?
Most.
Yeah. It's going to be E in this case.
All right. I will just do this slide as the last one. We are then going to move into blood vessels. Not trying to insult your intelligence but some things are new that I will mention next class. If we look at the wall of the vessels what they contain, that's the new part.
So when comes to blood vessels you have [reading].
Arteries always flow blood away from the heart. [Reading].
So that one contains deoxygenated blood. Veins always bring blood towards the heart [reading].
Capillaries...[reading].
Also any waste from the tissues to go back into the circulatory system. When comes to arteries and



veins, the most common mistake people say is veins contain deoxygenated blood...there's a exception. Artery and vein is not the type of blood its about the direction of flow. Away and artery both start with A and blood flow to the heart is vein. No matter what type of blood. What we will do is I will go into the arteries and veins especially how they are wall -- how the vessel wall is built. And at some point we will do some calculations, not bad, there will be a couple of equations we will do some math. But it's not going to be bad. May want to bring a calculator to class.
We will continue on with this topic. See you next time.
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