

BISC 205, September 28, 2026
INST BAINS: Okay, everyone let's begin. Couple of announcements, first of all for your tutorials...the Wednesday, for truth and reconciliation, will not be held. So a couple of students asked if I -- if not a Wednesday tutorial what happens in terms of the information, and I promise after the Wednesday one is done, whatever questions and answers were covered in the Monday tutorials, the Wednesday people will have access to that this week too. So it's not like a delay things and Wednesday will have to try to catch up, so like, week by week, whatever is covered I will send -- even if your tutorial session is not in session that week, it will still be sent to you.
That's helpful that way.
Another aspect, the first quiz will happen on Friday.
And most will take place in the tutorial but we lost some Mondays and Wednesdays due to holidays so to allow me to fit things and space things out appropriately, your only -- first quiz the only one we will do in lecture here so everyone will do it together. But future quizzes will happen in the tutorial sections. Make sure you are here on Friday do the quiz.
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And it will be about 15, 20 minutes. Usually people are done at the 15 minute mark. We will play it by ear. When comes to the quiz rather than having a lot of people hand it in early, it can be distracting to some people, for this quiz may be if you are done, stay where you are, and check your answers, when the time is done, we will collect them all at once. Rather than people making noise and getting up and that will be a way to monitor things and in terms of the making sure distractions are minimal. Also on that day, Maryam and I will set up the room so when you walk in -- you can put your name and student number at the top and we will start when I say go and that's when the time will begin.
Make sense? All right.
So we will continue on where we left off on third lecture topic. And should be able to finish it or most of it today. We looked at categorizing --sorry.

STUDENT: About the quiz, is it multiple choice and short answer?
INST BAINS: Yeah. Combination of both. Like how it would be on a midterm exam. There's a short answer section



and a multiple choice section. Instead of separating them out, you can do it all the in one session. And you can do the whole quiz in pencil.
STUDENT: From the first lecture?
INST BAINS: Okay. So on the weekly schedule, so for future reference, it mentioning there in brackets what topics are covered. The first quiz is the first two lecture topics, not this one. The water and electrolyte balance is not part of that quiz. So you have the information from before -- you did practice questions in tutorials so I think you should be at least prepared for the quiz on Friday.
If you have other questions, let me know. Even after class I will take questions.
In terms of categorizing the organisms based on stenohaline and euryhaline. Stenohaline is the fact the organisms can't tolerate large fluctuations in external osmolarity and euryhaline they can...and we looked at osmoregulate and osmoconformers in terms of do their internal osmolarity match them with that of the external environment or is there a steady state. The list of organisms here are the only ones I would ask you. There's a lot for each of the categories but what is the point of covering them all? Just cover some common ones. We will take baby steps so these



are the only ones you need to know. I covered them last class. There's a question coming up dealing with this. You have to tell me if it's stenohaline or euryhaline and if a osmoconform or osmoregulate. So I wanted to talk about marine fish versus fresh water.
There are organisms that live in unique environments with specific challenges. The fact they face the challenges doesn't mean they can't survive. How do they do it? Marine I will start with. It says here [reading].
But the thing about marine fish is if we look at their body fluid, it will be hypo osmotic to the external sea water. That water has a lot of salt.
The internal body should have way less so hypo is less. So makes sense. What challenges would they face in salt water? One, these organisms would lose water due to osmosis. Their internal body fluid has a low total solute concentration...osmosis is moving water across the selectively permeable membrane to a area of total high solute...if a lot of salt on the outside, passive transport is more common so a lot of gain of salts. So as a result, there are ways to combat each of those challenges so for combatting water loss, for example marine fish can gain water from continuous drinking of sea water. I understand



that there's salt in that water but there's a water component as well. Better to have some water than none. Water makes up a certain...that make up the organisms eaten by these fish and kidneys excrete highly concentrated urine which means the volume of the urine is low...so you are not losing excess water. When comes to combatting the excess salts coming in, says kidneys can be involved. In that small volume of urine they can get rid of excess salts. The main ones they find in the urine is divalent...two plus or two minus charge. Calcium and magnesium, sulfate and gills are involved. Gills we think about respiratory organs.
But they are also used in osmoregulation too.
And says here that the gills, they have specific transporters embedded in their cell membranes. Which will allow for mono valent ions. This time anything with a plus one or minus one charge, to basically be removed in the end.
So it says that the bulk of the ditrogenous waste produced by the fish are in the form of ammonium...on exam, I can give you scenario, all right, with -- break this in a three part question. I could ask what is the body fluid in terms of the hypo or hyper osmotic to the external water. What



challenges do they face? Water gain, loss, salt gain or loss? And how do they combat those challenges.
That's a type of format I can use. Any questions?
No? Okay.
So I will flip to the other side.
Fresh water fish, and a lot of the answers you will see will be the opposite to the previous. The body fluid this time is [reading] therefore hyper osmotic to the external environment.
And the -- challenges you would face for example water gain.
And this time also salt loss.
So to actually combat water gain, well, these fresh water fish don't drink much water and will excrete not small volume urine but a large volume urine produced and that will contain mainly water.
When combatting salt loss you can gain salt from food intake.
And by also involving the gills again where there are transporters that can active -- active transport can be used to gain salts from the --sorry -- gain salts from the external environment.
And then -- cross the gill epithelial to the inside of the fish.
So again, this could be set up the same way I



mentioned. The body hyper or hypo osmotic...and what challenges faced, and how to you combat those challenges?
Any questions about fresh water fish at all? Okay. Leading to the questions here.
I will start with the first one. Four organisms for the first slide you saw. [Reading].
I want you to categorize them as steno or euryhaline and also as a osmoconformers and osmoregulators. If you work together as a team that's helpful but if you have to look up an answer, sure, I will let it go this time. I would have loved to have done this last class but I can understand you may need to look it up. Give this question a try and we will see what you come up with.
Okay. I will do a room check. How many are done? Or done most? Or if you are not done, just we will continue on. So I will start with mussel first. Barnacles and mussels, covered by ocean water at certain times and uncovered completely. So very extreme changes in being exposed to salt water and none so stenohaline or euryhaline?
STUDENT: Euryhaline.
INST BAINS: For sure. Euryhaline. Did I go row by row?
Let's do gold fish next.



Remember, sensitive ones, picky in terms of conditions. What does it tell you?
STUDENT: Stenohaline.
INST BAINS: No. Actually -- okay. So now I know how it's set up.
Mussels, I will finish, they are osmoconformers. They survive in those conditions and are not expending energy to do so. That will be a lot of work on them so euryhaline osmoconformers. Gold fish are stenohaline. Osmoconformer or osmoregulate?
STUDENT: Osmoregulate. INST BAINS: Yeah.
They have to spend energy at the same time --very picky about where they live. Extremely but they have to expend energy. You see the combination of stenohaline and osmoregulator are sensitive. Very picky about their environment. Any tiny change will put them in a difficult position.
Okay. Let's go with salmon.
Start with the first. Stenohaline or euryhaline?

STUDENT: Euryhaline.
INST BAINS: How many say that?
Yeah.



So basically, born in fresh water. Go to ocean water and go back to fresh water again.
Osmoregulators or osmoconformers?


STUDENT: Osmoconformers.
INST BAINS: How many say that?
I have had students pick that. One or two --how many think osmoregulators? More hands?
So close enough.
They do expend energy but when you expend energy it's not always a bad thing. If the benefits out weigh the costs then it's worth it. Even if we have active transport in our body, that takes energy and active transport is needed in our life. So last one is a star fish stenohaline or euryhaline?
It's stenohaline. Osmoconform or osmoregulate?
I think you are picking up on a trend. Anyone?
What do you think might be the last answer?
One or the other.
STUDENT: Osmoconformer? INST BAINS: There you go.
Now, when comes to my exams, see how there's a balance of stenohaline and euryhaline and don't think there will always be a balance. That always throws students off. If you have a series of the same



answers, doesn't mean you are wrong. Like there has to be a equal number of As and Bs and the rule is there doesn't have to be. If you come across something like this, three organisms and...don't invest time trying to fix something that doesn't need to be fixed because you think everything has to be balanced.
So all right. I have another question here. Multiple choice.
Talking about stenohaline, our -- says here for marine bony fish and also fresh water animals. I will let you read this. D says all of the above statements are false but we are looking for the true one here.
You can double check your answer with the people around you to see if you have the same letter. But on the exams you can't double check with the people around you.
Some people...kept that theme going. No, not for the exams.
Always remember this, hypo has four letters, means less. Hyper has five letters, that's more.
One way to help you memorize the two terms. Okay. How many have an answer? More hands.
All right. Someone want share their answer?
STUDENT: C?



INST BAINS: How many say C?
All right. Yes it would be C in this case. All right.
So I will continue on and talk about land animals. We talked about fish and osmoregulation is important to land animals too. Being that you are on land, the threat of desiccation is going to be an issue. Desiccation is a fancy word, sometimes there's other words that mean the same thing that most people know. If you had a describe this to somebody else, even in the sciences or not sciences what is another word for this?
STUDENT: Dehydration. INST BAINS: Yeah.
So dehydration obviously going to be...land animals. Not surrounded by water all the time.
So it says humans will die if they lose about 12 percent of their body water [reading].
Now, there's a lot of people who believe that the reason for that is that camels store water in their humps. Is it true?
I remember when I was a kid, I don't know where I got it from, may be somebody told me this, something about camels storing water in their humps?
But the question is, is that true?



Yes or no?
No, it's not true.
And actually when it comes to camels, they can store -- now, in different location of the body. They can consume large amounts of water and keep it in certain parts of the body but not the hump. Humps is where mainly fat tissue is found. But now the thing about camels storing water in the humps, try not to make that mistake like some people say whales are fish, they are not fish. They are mammals.
So even though we as organisms live op the land, other organism lives on land. How reduce water... land based [reading].
If you are insect you have a waxy exoskeleton keeps water on the inside. If you are a land snail you have a shell. If you are say most -- says here, say if you are a human, you have multiple layers of the dead keratinized skin cells that prevent water loss. There's that and also about the time of day when you are active.
If you are nocturnal, temperatures are cooler so then you won't lose water as redly. So owls and so on, yes you can definitely conserve water that way.
Now despite these adaptations, there's still going to be water loss that will happen.



I mean, talked about dead skin cells or keratinized cells so but have also sweat glands. It's not a perfect system that we have. We have moist surface in gas exchange...and like I said, there's still ways for water to get out of the body.
And it says here land animals manage water budgets by external and internal...drinking water or eating moist foods but for internal there's metabolic water. I will talk a bit about this graphic at the bottom here coming up.
But when comes to metabolic water, by-product of cellular respiration, in this process, one product will be water in the end. Making your own water in the body would be useful too.
But as seen in humans, look at the pie chart, so liquid is blue, that's external source. Food is orange. And red is from the metabolic water. Red.
Internal source. 90 percent of our water gain from external sources and ten percent is something produced internally. If we start to lose external source, don't have access to water or food, it will put us in a difficult situation. We won't be able to produce high amounts of water using metabolic means. But some animals have the ability are so well adapted for minimizing water loss they can survive in deserts



without drinking. Imagine you don't drink, and you are a mammal. Hard to believe. Example at the bottom here of a kangaroo rat. They lose very little water since if we look at their source of water, we see there's a lot more red. 90 percent is derived by metabolic means. Cellular respiration to make their own water. There's no liquid. If in the desert access to water is on the low side. So they can get water through seeds. So either way but 90 percent is from internal source. They can make their own water. I wish we had that. Where we could make enough water by ourselves rather than relying on other source.
These are nocturnal. They will be out during the cooler times at night and also they produce highly concentrated urine. So less volume in the urine so minimal water loss and they lack sweat or panting glands. Where sweat you can lose water and panting, water vapour. They don't have those. They have taken kangaroo rats and introduced them to a bowel of water and they don't know what to do with it. They don't know how to do it. Never had to learn how to do it.
Like a mammal with hair like us, mammal like us but yet it doesn't know how to drink.
Yes.
STUDENT: Would an animal getting most of its water from



cellular respiration need to constantly have a source of food to do that process?
INST BAINS: The starting point is -- glucose or fat -- you learned in terms of glucose being the starting molecule but you can use different fat sources.
Similar process. So and I guess in terms of the carbohydrates, glucose through seeds and primarily through that. Starches in the seeds would be where they would get it from. Any other questions?
Okay.
All right.
So move on to the next thing.
Yes, the tiny little mammal will probably beat us in the end if something happens to water supply --humans are advanced but some smaller ones are in a better situation than we are.
Okay.
Energetics and osmoregulation. Osmoregulators have a cost...benefits out weigh the cost but to some people using up energy can be a basically a disadvantage sometimes when it tries to maintain osmotic ratings...[reading].
In terms of our word transport epithelial, we covered that before in the first lecture topic. These are special cells joined together side by side, cells



joined side by side using impermeable tight junctions. [Reading].
So for example, I will introduce these transport epithelial. One example with the sea birds.
And again, one of my favourite movie is finding NEMO. If animals can say English words this is the perfect description of what sea gulls would say if they can speak English. If you know their personalities. When I was younger my dad would take me to drop my mom off at fish cannery in Vancouver and there's -- they have runny noses....sick. But it looked like they had it too.
I was six years old. Putting one and one together. I thought the birds were sick. My dad knew a bit of bio. Like no, this is what they are supposed to do. Be sick? No. They do drink sea water as well and so they are getting rid of the excess salts through their nasal glands. The dripping you see is supposed to happen. Have you seen that with sea gulls. If you look close? When grouped together they could be a handful. Next time, I said this before and students actually looked closer to see if their noses are running, quote unquote but the nasal glands --nasal -- I don't care if you say nasal gland or...salt gland. I will talk about how this organ helps with



monitoring solute levels in the blood for see gulls...[reading].
Excess salt is more toxic to they. They have to find other means to get rid of it. [Reading].
There's always a pair of them and the next slide I will zoom in on one.
So if I zoom in on one, and I cut it open, we zoom in further, what we will notice is that salt glands contain many secrete tubules. ...based on osmotic gradient where the darker blue means high levels of NACL. And lighter blue is lower concentration. So secrete tubules with capillaries too. If we zoom in on the blood flow and the secretory tubules flow direction. Not in the same direction. Pointing in opposite directions actually.
So you learned about counter current exchange in first year. With fish -- when you learned about it.
Well, we have another counter current system here. We have two moving fluids. Next to each other. They have to be close enough. By moving opposite directions you can move solutes from one fluid into the other.
And what you are doing is, the secretory tubules are lined with transport epithelial cells or secretory cells. We know there will be tight junctions between



them.
So therefore, you can't sneak around the cells
to move from one side to the other so you have to go through the cells, through specific transporters. So we see we are able to take excess sodium chloride acquired after drinking the salt water and deposit it into the secretory tubules when comes to the nasal gland or salt glands, and out through the nostril.
And this figure here, is the same idea, we are we have the inside of the secrete tubal and...moving through the transporters.
So yes we will do a lecture on respiratory system. Yes there will be another case of counter current again. May be down the road when you have a final exam -- if I said what is counter current exchange and give me examples, here is one example that you can bring forward into your answer.
All right.
Now we will go into the nitrogenous waste.
Ammonia and urea and uric acid. The kinds of nitrogenous waste excreted depends on the animals history and the habitat they live in. The type and quantity may affect the water balance.
So among the most important nitrogenous waste is basically we have here we have ammonia, urea and uric



acid all have nitrogen in the structure. The way these are built is break down of proteins and nucleic acids that happen naturally and you can build these products. Some animals will actually convert toxic ammonia into other less toxic forms.
[Reading].
But I'm going to cover in terms of ammonia, it is highly water soluble so would make sense if you live in water environment or consume a lot of water that will help of getting rid of ammonia, ammonia is toxic but if you can dilute it down with a lot of water it becomes less toxic. So common in many of the aquatic species. If surrounded by water, more likely to produce ammonia as primary nitrogenous waste.
When comes to ammonia, NH3. Loss as NH4 through the gill epithelial. It's specifically NH4 and you can see NH3 as part of the NH4 in the chemical structure. Ammonia secretion...so we have to find another way to get rid of the -- find another nitrogenous waste product that works best for us and because it's toxics...obviously this wouldn't work in terrestrial animals and also many marine organisms they -- one issue they have is they tend to lose water to the environment.
And so if your body will be losing water



naturally it doesn't make sense that you as a that type of fish should be excreting ammonia as your main nitrogenous waste.
Then if we look at urea it says the liver of mammals, us, as well, most adult amphibians, not talk about tad polls, tad polls excrete ammonia but once you jump on to land it shifts to urea for frogs and urea is less toxic...so but the think about this, says the circulatory system carries urea to the kidneys which we expect, excreted. If you convert ammonia to urea it costs you. But in the end the benefits out weigh the costs. I'm introducing that's way less toxic than ammonia...put more energy into this. Look at uric acid it's relatively non-toxic too. Like urea and the thing about this, it's largely insoluble to water. Urea is water soluble but uric acid is insoluble. Very little water in it.
Which could be beneficial if you are trying to conserve water. Think about birds that produce uric acid, one way they conserve water is produce uric acid.
Therefore, there's a benefit there.
Also, if you are going to produce uric acid...if you look at the chemical structures, this is more complex to build so costs more energy to build it.



Anyone have questions about that so far?
On the exam I will never ask you to draw out or memorize these structures. The learning objectives doesn't tell you that. So don't worry about that part.
What else?
So let's look at some examples of animals that excrete ammonia. I have some listed here. For those who don't know some of the specific terms,...[reading] echinoderms...star fish and sea urchins. If we look at aquatic mollusk, [reading] squids and octopus are in this too. And agnathans. Jawless fish.
Hag fish produce tons of mucous if you ever have to deal with them, these are two examples there. The other I added in, the tad polls, living in the water so making sense for them to excrete ammonia...the next are...we are in this category so we excrete urea mainly [reading].
And then we have cartilagenous fish. If I say cartilagenous fish what is example.
STUDENT: Sharks. INST BAINS: Sharks.
Rays. Skates. We have that. And the ones that produce uric acid...the snails and slugs. And we have any arthropods like insects. In this category too.



And reptiles and birds.
So again, I will work off this list here.
Where I will give you animal, you tell me which category they belong to in terms of what nitrogenous waste they produce. Let's try that question.
Six of animals. Tell me which category they belong to. [Reading].
Mind you, for example, the word -- some words like nidarnan...specific ones. Mammals. Specific ones here.
I will do a first room check. How many have all six done? Some. Anyone need more time to finish? A couple of people. I will let you finish. Get as many as you can done even if it's a guess.
Okay.
If you got most done, it great. All done,
great.
So we will get started.
So let's start with tad polls. Which category?
Anyone.


STUDENT: Ammoniotele.
INST BAINS: How many say that? Yes. They are surround by water. Suitable to excrete ammonia. Land snail?



What do they produce? What category? Even slugs are under this too.
STUDENT: Urictele.
INST BAINS: How about a whale?


STUDENT: Ureotele.
INST BAINS: How many say that? Yeah, they are not fish.
They are mammals. So therefore like us they will produce urea as primary nitrogenous waste.
Hag fish? A jawless fish I talked about. Yes.
STUDENT: Ammoniotele.
INST BAINS: How many? Yeah. Shark? Lives in the water too.
Yes.
STUDENT: Ureotele. INST BAINS: Snake?
Are snakes amphibians or reptiles? Yes.
STUDENT: Uricotele?
INST BAINS: Yeah. So snakes are reptiles because have scales. That's one of the big characteristics.
Amphibians don't have scales, they have skin. So keep in mind, some -- when -- times where people get reptiles and amphibians mixed around.
Now talk about [reading]. Part two will focus



on the kidney. That's the most advanced level.
And since we are running out of time, that was recording you had to listen to that I will I will do the practice questions as recording too. So next class I can jump into the next topic. Circulatory system. And you have Wednesday off so you can catch up but I will talk about a couple of them here so start off with. Where if we look at the excretory systems...the processes, functions, involve a filtration step reabsorption step and secretion...[reading] I will jump into the first one. Which one of the primitive ones [reading]. See it's at network of tubes that span through the inside of the organism and says here these tubes lead to the outside of the body because for example there are pores on the side of the body, basically, openings along the side of the organism itself and that's where something will be excreted out. It's not brought in at that point but in terms of the inside of the flat worms they have their own body fluid and that body fluid -- material in that needs to be filtered. Some tubules have not open end but capped ends. And the capped ends are called flame bulbs. They have these slits or perforations so small things can filter in and large things can't. Even if they are useful



material. Say like nutrients, just because you can filter in it still means you should be able to reabsorb that back into the body later. There are specific sites reabsorption can take place. We have...cilia, hairs separate and moving independently but these are together, and move together.
And it looks like if we look at this, looks like a flame of a candle. That's where the name comes from.
These flame bulbs have cilia that will start to move and that will bring in the body fluid of the flat worm basically the body fluid contains specific small molecules that will be filtered through the perforations and into this entire network...and eventually out through a pore in the end. There's that one. It's more on the primitive side.
Especially the fact there's no capillaries. They don't have blood vessels...
Then we move on to metaephridia. And deals with each segment where we will look at these green tubular structure and we see there's metanephridia in each segment but the opening is in the segment ahead. And the opening area itself it's a funnel shaped structure and it contains cilia. The cilia will move to draw the fluid in. The body fluid of that segment in to



that specific...net work.
And the actual fluid itself will move through this entire metanephridia and out through it's port. Like the flat worm they have external openings on the side of the body. Similarities but what is cool about this system, why more complex than the first one we talked about, that you see there's a capillary net work. So you can have active reabsorption and secretion that can occur there.
So in the end, that net work of capillaries adds a bit of complexity compared to the first system we looked at. The last one, is the malpighian tubules which we find in insect. They tend -- the body fluid is called hemo lymph. The blood mixed with the fluid around the cells. We have just blood...but they do.
Obviously, there will be salt, water, nitrogenous waste found there. So some of that is filtered through the long what they call extensions that are coming off the digestive tract of these animals. More in the region of the junction...we have four extensions which form the malpighian tubules. They have transport epithelial lining them and again only certain things are filtered into the tubules in the end but in the end, everything gets passed into their digestive tract and any reabsorption will happen at



the end in the rectum...it's on the high side. Lots of reabsorption takes place...so in the end, those are the first three primitive ones and then you go into part two of the recording which is about the kidney and on wards. I will...appreciate everybody did do --listened to the recording, for those practice questions I will do the recording and then we can jump into the circulatory system after the quiz on Friday. Okay?
Okay.
Other than that, I will let you go. If you have questions I'm at the front and enjoy the rest of your day.
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