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Lecture — 14
Population growth and regulation

[FL]. Today, we will carry forward our discussion on to on population ecology. We will
look at some numerical examples of different population parameters and then we will

move forward to look at the theories of Population growth and regulation.
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A park manager conducts a population estimation exercise within a
protected area. He samples 18 quadrats with line transects and obtains
the following density estimates for Sambar:

Table: Sambar densities in different beats
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So, this is the first problem that we look at. A park manager conducts a population
estimation exercise within a protected area. He samples 18 quadrates with line transects
and obtains the following density estimates for sambar. So, here you have 18 different

transects 18 different areas.
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Table: Sambar densities in different beats (contd.)

Beat number | Sambar Density (number per q. km)
10 | 2
11
12
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14
15
16
17
18

Ll o P2 00— WD 0O

Dr. Ankur Awadhiya, IFS Wildife Ecology Speing W19 61/127

And we will consider that all of these beats have the same area and the sambar density,
then all of these areas is figured out and the number per square kilometre is given here.

Now the question is what is the average sambar density that is found in the park?

(Refer Slide Time: 01:11)
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Compute the average density of sambar.
Average density will be calculated as;

L (Density in the beat)

aliaty R Total number of beats

8+5+6+...+5
= Average density = —p

: 101
= Awverage density = i

— Average density = 5.61 animals per square kilometre
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And we will make this assumption that these 18 beats are all the beats that we have here
and the area is more or less homogeneous. When this case the average density of sambars

will be given by some of these different densities that we have in the table, we have 8



plus 5 plus 6 plus 5 and so on till the last value which is 5 to till the 18th value which is
5.

So, we make a sum of all these different densities divide that by 18 and then we get the
average density 1s 101 divided by 18 of 5.61 animals per square kilometre. So, this is a
simple example of how we use sampling to get one estimate for the whole of the
population. So, we took 18 different samples and for all of these samples, we computed

the sambar density is using line transect.

(Refer Slide Time: 02:12)

Now line transect is a method in which we move along a straight line. So, this is how we
are moving and every time we spot an animal and suppose we are here. So, when you
spot this animal we find out this distance and we find out this angle was that is done we

can find out the perpendicular distance. So, if this is d this distance will be d sin theta.

So, this is the first distance then we saw an animal here and this was our location to
probably this distance, this 1 is d 1 this one is theta 1. So, this one becomes d 1 sin theta
1 and so on. And by all of these different perpendicular distances we can compute the
area that we have worked in total; so, with all of these different distances. So, let us call
these as D 1 D 2 D 3 D 4 and so on with all of these we will find out a mean distance of

the animals from this area.



So, suppose this mean distance comes to be say this value of D. So, this distance of D to
the right and this distance of D to the left. And in this case we have observed 4 animals
and with this mean distance we compute the area that has been covered by us. So, this is
the area that has been covered. So, suppose this length is L. So, the area is L into D and
from this we get the density of animals per square kilometer. So, this is what we have
done and we have computed all these different densities and we can take a simple
average of all of these different densities to find out the average density of sambars in

this area.
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The groups sizes of chital in the core and buffer zones of Corbett Tiger
Reserve, Uttarakhand were recorded during winter 2009 (Data given
below). Estimate mean group size, standard deviation, standard error,
range and coefficient of variation. Comment on the results obtained.

Now, such computations can then be extended. So, this is the second question the group
sizes of chital in the core and buffer zones of Corbett Tiger Reserve Uttarakhand were
recorded during winter of 2009 and the data is given. Estimate the mean group size
standard deviation, standard error, range and coefficient of variation comment on the

results obtained.
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Table: Data for group sizes of chital in core and buffer of Corbett Tiger Reserve
in Winter 2009
[ Core zone | Buffer zone |
[ % | 2% |
11
07

So, similar to what was done before here we have group the sizes of different groups. So,
earlier we had densities in different areas, here we are looking at different groups and the

sizes of all these different groups.

So, in the core zone we saw so, many groups and these were the number of animals in
each group 26 24 25 27; so, these are all close together. Here are the values in the buffer
zone. So, this is 26 11 7 3 15 and so on, so, there is a very large amount of variation.
Now what kind of inferences can be make out of such a data? So, we begin by looking at
the mean group size now for the mean group size what you do is, you take a total of all
of these. So, for the core you make a sum of all of these and then the number of groups is
123456789 10. So, in these 10 groups this was the total number of animals that was

seen. So, what is the mean group size?
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Mean group size: Core zone

" . X(Group sizes in core)
€aN BIOUP SI2€ = T tal number of groups
2%+ 24+25+..+ 2425
10

252
10

= Mean group size =

= Mean group size =

— Mean group size = 25.2 animals per group
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So, the sum of all the group sizes and the core divided by total number of groups. So,

that comes to 252 by 10 which is 25.2 animals per group in the core area.
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Mean group size: Buffer zone

I (Group sizes in buffer}

Mean group size =
= Total number of groups

64+1147+.. ﬂ-—“w
10

207
10

= Mean group size =

= Mean group size =

— Mean group size = 20.7 animals per group
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And similarly you can repeat this process for the buffer area. In the buffer area the
number of animals per group is 20.7. So, one thing that we can see here is that the
number of animals per group in the buffer area is less than the number of animals per
group in the core area. Now by code we have such a difference; we can then correlate

this to the ecological parameters that are found in this these 2 areas.
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So, typically if you consider any tiger reserve. So, we have this core area, the core area
lies in the centre and in this core area you have less amount of human disturbances and
this area is relatively left untouched. Now this area on the outside goes by the name of
the buffer area. Now why is this area called a buffer area? Because you might have say a
village here. Now if you have a village there are situations that people might want to get
into a tiger reserve or into a forest and cut some wood for firewood or maybe you have
some animals that are living in the village and their getting into the forest areas for
grassing or maybe you have some dogs that are living in the village in these dogs are also
getting into the forest areas.So, for all of these different influences whether it is for
firewood, whether it is for animals such as cows or for animal such as dogs or for things
like pollution or the amount of dust that is being released or the sounds that are released,
we can define a zone that goes by the name of the zone of influence of this village. Now
we want to have this core area completely untouched. So, which is by we create a buffer

region.

Now, in the case of the buffer region, you can have some zones of influence, but then this
buffer region acts as a buffer. So, that the core is completely kept secluded. Now in the
case of the buffer region you will be having grasses, but then probably the chitals will
have to compete with the cows or maybe probably the chitals will have to remain vary of

the dogs that are coming to this area.



So, in that case it is possible that chitals trying to avoid this area which is something that
we can observe by looking at the numbers of chitals that are found in this area and also

the group size of chitals that are found in this are.
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Standard deviation: Core zone

I 2
Standard Deviation (Population) = \1 %

= Standard Deviation (Population) =

—_—

[E[(26 - 2527 +(24-252) +... +(55- 5.2
' 10

/1
— Standard Deviation (Population) = \."I 0

—» Standard Deviation (Population) = /1,56

— Standard Deviation (Population) = 1.249 animals per group

Now, from the group density, we can then move on to the standard deviation. Now
standard deviation for the population is given by the square root of sum of deviations.
So, in this case mu is the average value that we figured out earlier x is all the different

values.

So, in the case of core, we saw that the averages 25.2 and the values are 26 24 25 and so
on. So, when we are computing the standard deviation we will have these values 26 24
and so on minus 25.2 you take a square of all of these add all of these and divide them by
the total number of observation that you have made. So, here you have 10 number of

observations, you do this you get to a standard deviation which is 1.249 animals per

group.

Now, what does standard deviation tell you? It tells you what is the amount of variation

that we are seen in the group sizes. So, here the variation is 1.249 animals per group.
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Standard deviation: Buffer zone
_— ) ,-'rE(x - ;1)2
Standard Deviation (Population) = V=N

= Standard Deviation (Population) =
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— Standard Deviation (Population) = V

— Standard Deviation (Population) = +/129.61

— Standard Deviation (Population) = 11.385 animals per group
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Whereas, in the case of buffer area when you repeat the same observation, you can see
that the standard deviation is much greater 11.385 which gets as an indication that in the

case of the core areas all these different groups are much more homogeneous.

So, if you look at a group here or a group here or a group here all of these groups are
having the same sizes. But in the case of the buffer region if you are seeing a group here
probably it has a smaller size, a group here has a larger size, a group here has probably a
medium size and so on. So, the amount of variation in the group sizes is less in the core

and its more in the buffer regions in this particular example.
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Standard error; Core zone

T
Standard Error =
Ll

1.249

= Standard Error = ——
V10

—. Standard Error = 0.395 animals per group
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Now, from the standard deviation we can move on to find out the standard error, which is
another way of expressing the same thing. So, standard error is given by sigma by root n.

So, in this case for the core zone it comes to 0.395 and in the case of buffer it comes to
3.6.

(Refer Slide Time: 10:38)
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Standard error: Buffer zone

Standard Error = q
yh

11.385
= Standard Error = -
V10

— Standard Error = 3.600 animals per group
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So, here also we are seeing that in the case of the buffer zone, the standard error is much
greater than that in the core zone which is another indication that the group size is much

more heterogeneous in the case of the buffer.
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Range: Core zone

Range = Highest value — lowest value

= Range=27-23

= Range = 4 animals per group

Dr. Ankur Awadhiya. IFS Spring 2019

Then we can compute the range of these values. Now range is given by the highest value
minus the lowest value. Now in the case of the core region all the group sizes for nearly

the same the largest one was 27, the smallest one was 23, so, the ranges 4 animals per

group.
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Range: Buffer zone

Range = Highest value — lowest value

= Range=40-3

= Range = 37 animals per group
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Whereas, in the case of the buffer zone groups, the largest size group was had 40 animals

the lowest size group had 3 animals.



So, here the range is very large, so, we have 37 animals and the range. So, this is also

telling this the amount of heterogeneity that is there in the buffer groups.
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Coefficient of variation: Core zone

a

CV = - % 100%
1

f

1249

— = %2

x 100%

— CV =4.956%

From here we can move on to find out the coefficient of variation. Now coefficient of
variation is a term that helps us a look at these differences these variations very easily.
Now in this particular example we had 10 groups in the core and we had 10 groups in the
buffer area. So, that makes a comparisons very easily, but suppose in the core we had say

25 groups and in the buffer we only had 10 groups.



So, in that case when you want to make a comparison between both of these statistic. So,
we go for a coefficient of variation. Now coefficient of variation is defined by sigma
which is the standard deviation divided by the mean which is given by mu into 100
percent. So, it is asking this question what is what percentage of the mean value is the
standard deviation. So, in the case of core it comes to 4.956 percent or close to around 5
percent, in the case of buffer it comes to 54.998 percent or close to 55 percent. (Refer

Slide Time: 12:38)
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Coefficient of variation: Buffer zone

cv =7 «100%
|”

11385
g = %
— oy 207 % 100%

— CV = 54.998%
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So, in the case of core we are saying that the standard deviation is just 5 percent of the
mean value. In the case of buffer the standard deviation is as much is 55 percent of the
mean value. So, in this way we can make comparisons between both of these groups

even if they have different sizes.
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Comment on the results obtained

The group sizes of chital in the core zone are more or less similar, as
shown by a small range value of 4 and a coefficient of variation of 4.956%.
However, the group sizes of chital in the buffer zone are extremely
variable, as shown by a larger range value of 37 and a coefficient of
variation of 54.998%. The coefficients of variation also hint that the
standard deviation is very far from the mean value in the case of the chital
groups in the buffer zone, while the standard deviation is close to the
mean in the case of the chital groups in the core zone,

Dr. Ankur Awadhiya, IFS Spring 2018 TS/ 11

So, what do we infer out of these values? Now, the inferences that, the group sizes of
chital in the core zone or more or less similar as they shown by this small range value
and the small coefficient of variation of 5 percent. However, the group sizes of chital in
the buffer zone are extremely variable as shown by the larger range value of 37 and
coefficient of variation of 55 percent. These coefficients the coefficients of variation also
hint that the standard deviation is very far from the mean value in the case of chital
groups in the buffer zone, while the standard deviation is close to the mean in the case of

the chital groups in the core zone.
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ogy  Population growth and regulation

Computation of animal density

These numbers also provide an indication of the habitats in the core and
buffer zones. Since core zones are mostly unfragmented and uniform, the
group sizes of chital groups show little variation from one group to the

next. On the other hand, since the buffer zones are relatively fragmented

and non-uniform, showing also high anthropogenic influences, each chital
group in the buffer zone will show a difference from the other groups,
depending on the patch of habitat that was available to it.

In this way, we may utilise statistical information to make sense of, or even
to predict, the ecological information.

Dr. Akaur Awadhiya. IF5 Speing 2019 T/ 1T




Now these numbers provide an indication of the habitats in the core and the buffer zones
now the core zones are mostly unfragmented and uniform. So, the group sizes of chital
groups show little variations from one group to the next. On the other hand since the
buffer zones are relatively fragmented and non uniform, showing also high
anthropogenic influences each chital group in the buffer zone will show a difference
from the other groups, depending on the patch of habitat that was available to it. In this
way we may utilize statistical information to make sense of or even to predict the

ecological information.

So, what we are saying here is that, if we considered the chitals in the core zone. So, this
zone and this zone and this area are all the same there is hardly any difference. But then
in the case of the buffer zone, if there was a chital group that was residing here versus
chital group that was residing here that would make a very big difference. Because this
particular chital group is close to the core zone, it is away from the zone of influence of
the villages and so, it is having a much more protected environment in which to grace
and in which to increase its population. Whereas, in this particular chital group it is so,
close to the human influences that, it might be having a vary to print impact on the on the

group behaviour.

So, in this case because the amount of variation is greater in the buffer area, in the
amount of variation is less in the core area so, that is also manifesting itself in the group
sizes of chital in the core area and the buffer area. So, just by looking at group sizes of
animals in different areas, we can mix some inference about what is going on in the
ecological terms, which also makes it very pertinent to know different population
parameters. So, in the last lecture we looked at different population parameters, in this
lecture we are making a correlation between what the population parameter said and
what is the actual ecology of that area. If we are seen differences it means that there is

some ecological undercurrent that is flowing there.
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The following list describes the methods utilised in sampling herpetofauna,
along with their practicality in sampling rainforest herpetofauna:

o Opportunistic Encounters: Qpportunistic encounters with species, as
gleamed from researchers’ encounters, or information from locals can
be utilised to generate a list of species found in the area, including
some cryptic species that may not be evident in directed surveys.
This is applicable even to sampling in rainforests.

o Complete Species Inventory: Construction of complete species
inventories by combining data from opportunistic encounters and
directed surveys is feasible in rainforests.

@ Visual Encounter Surveys: This involves directed surveys for visually
seeing species in the area, in a procedure that is constrained by time,
area or both. Rock flipping and other techniques may be employed.
This is feasible even in rainforests.

Next we look at sampling of rainforest herpetofauna. Now in the case of larger animals,
it is easier to see the animals to count the animals to get to a density of animals what
about this smaller animals? If you wanted to say no the number of snakes that are there
per unit area in a forest. So, how do you go about and catch a snake? A snake will not
make itself visible to you because you want to count this snakes. This snake would

probably lie beneath some rock or maybe it would lie in some tree, but so on.

What about other smaller animals, which is see frogs in the case of frogs you want to
know how many frogs are there per unit area. So, how do you make an estimate of the
number of frogs? You can very easily see the number of tigers that are there in an area,

but frogs are very difficult to see and count.

So, what are the methods that we make use of? So, in the case of rainforest herpetofauna,
harpetofauna is basically reptiles and amphibians these are the methods that are
available; one is opportunistic encounters. So, opportunistic encounters with the species
has gleamed from the researchers encounters or information from locals can be used to
generate a list of species that is found in that area including some cryptic species that
may not be evident in directed service. This is applicable even to sampling in the

rainforest.



So, there is a rain forest you want to know how many animals are there, what are all
species of animals are there. So, we looked at the species discovery curve or the species

accumulation curve.

(Refer Slide Time: 17:42)
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And which you have this time on the x axis and the number of species on the y axis. And
we saw that it increased and then it started breaking to a level of saturation now to know
more and more about the species that are found in a rain forest area you could go for an
opportunistic encounter opportunistic encounters means that you went into the forest and

there was a chance encounter of some animal.

So, you went into the rainforest and you saw a frog that was red and yellow in colour and
probably you had never seen this frog before. So, in that case we will add 1 more species
to the species accumulation curve so, that is an opportunistic encounter. Now
opportunistic encounters can also be used to understand the relative population densities
of different animals in the rainforest. So, you went into a rainforest in say January and
you saw that there were say 5 animals that you saw in the whole period of 1 day. You
went again you saw 4 animals; you went again you saw 6 animals. So, on an average you

are seeing 5 animals per today.

Now, you went to the same rainforest in the January of the next year and probably you
are seeing only 2 animals per day. So, that would give you an indication that the

population size is reducing. So, that is an opportunistic encounter. The second method is



complete species inventory; construction of complete species inventory by combining
data from opportunistic encounters and directed surveys is feasible in rainforest. So, you
are just increasing the amount of effort that you are putting in to get to a very close
approximation of the number of animals and the number of species that are found this

arca.

Next is visual encounter survey. This involves directed surveys for visually seeing
species in an area, in a procedure that is constrained by time area or both. Rock flipping
or other techniques may be employed and this is feasible even in rainforest. Now what
do you do in the case of a visual encounter survey? We will get into the rainforest and
you will say that I am going to survey this area for the next 1 hour. In this 1 hour you are
putting all your attention all your effort into seeing and counting this species. So, what

you will do is suppose you are looking for frogs in that area; so, you get into this area.

(Refer Slide Time: 20:11)
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So, this is a small area that you are looking and then in this small area you go and there is
a rock line here. So, you left this rock and suppose you saw 3 frogs there. You catch
those 3 frog put them into a bag. Then you move to the next rock here also you obtain
this rock, providing you saw 1 frog you take it put it into the bag you go to another rock.
And then in this area for the next 1 hour you are just going to 2 different rocks, flipping
those rocks and taking out all the animals that are there and now you are constraining

yourself in terms of area and in terms of time.



So, you are saying that this is the area that I am trying to investigate and I am going to
investigated only for 1 hour. And in that period you suppose collected 300 frogs. So, then
after 1 hour is left you will take out all the frogs one by one, you will see what species
there, what is the number of animals that you have. So, essentially you will make a table.
So, this is species, this is number of animals. So, suppose first one is species 1 you saw
an animal, then a species 2 you saw 2 animals, then species 3 you saw an animal, then
species 1 use saw another animal then species 4 you saw 3 animals, then again you saw 2

animals of species 1 one of species 2 1 of species 1 and so on.

So, for all of these 300 animals you will make this list of what all species are there and
how many animals did you see. So, at the end of this period you will see that this is 5 this
is 3 this is 1 this is 3 and so on. And probably you will repeat this measurement at some
other point of time in some other area to make an estimate of the relative density of

different species and different areas.

(Refer Slide Time: 22:03)
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@ Quadrat Sampling: In this method of sampling, fixed areas or sample
plots are extensively surveyed for presence of species. This is feasible
in rainforest areas.

Distance sampling: Distance sampling using transect lines or points is
feasible for visible, large-sized rainforest dwelling herpetofauna.

Patch Sampling, Adaptive Cluster Sampling: In this method,
sampling begins at randomly selected points. A “patch” is selected at
that point, and particular species are searched for in that patch. [f the
species is found, adjoining patches are searched, till a point reaches
where all the boundary patches are devaid of the particular species.
This enables discernment of the area of presence of species, and is
applicable even in rainforest areas.

Next is a quadrant sampling; so, quadrant sampling as we have seen before, fixed areas
or sample plots are extensively surveyed for presence of species. Next is distance
sampling; distance sampling is what we saw in the case of transact lines a short while
back. So, you can go for transact lines, you can go for point these samplings or you could

go for a patch sampling.



A patch sampling or an adaptive cluster sampling in this method sampling begins at
randomly selected points; a patch is selected at that point and particular species of
searched for in that patch. If that species is found adjoining patches are searched till a
point reaches, where all the boundary patches are devoid of the particular species. This
enables discernment of area of presence of species and is applicable even in the rain

forest areas.

(Refer Slide Time: 22:54)
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So, what do you do in the case of a patch sampling is that, you will begin at a random
point and at this point you take this patch. So, a patch may be say 5 meters by 5 meters
patch. In this 5 meter by 5 meter patch you are now looking you are actively searching
for the animals. Now suppose you found  the animals here. So, you count the number
of animals next you go on serving all the surrounding patches. So, these are the
surrounding patches that you have suppose you found an animal here, here, here, here,

here, here, but you did not find animals here or here.

So, then because you found an animal here, now you will go for the patches that are
surrounding this particular patch, probably you found an animal here an animal here
nothing here. So, then for this particular patch now you will look for the surrounding
patches. And you will continue this exercise till a point reaches where you do not find

any animals in the surrounding patches. So, in this case we will say that this particular



species of animal is found in this much of area and in for this area we can compute the

number of animals that are found in this area.

Now, the size of the patches we will depend on which particular species you are
interested in. For some species you may go for a larger size patch, for some species you
may go for a smaller size patch. So, these are all different methods of estimating

populations and their parameters.
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@ Audio Strip Transect: In audio strip transects, the sounds or calls of
various species (such as male frogs) are utilised to discern the relative
abundances of all adults of the species, the species composition of the
area, the breeding habitat or microhabitat use, and the time of
breeding for different species. This is useful even in rainforest areas
where some species that hide in leaf litter may be identifiable through
their calls.

Mark-Recapture Methods: These methods involve capturing live
individuals of species, marking them using dyes, PIT tags, or by
capturing natural body marks photographically, releasing the animals,
capturing them again, and utilising the data of the number of marked
and unmarked individuals to estimate the population size of the
species. This technique is useful even in rainforest areas

You would go for an audio strip transect. Now in audio strip transects the sounds or calls
of various species such as male frogs are utilized to discern the relative abundance of all
adults of the species. The species composition of the area the breeding habitat or
microhabitat use and the time of breeding for different species. This is even useful and
rain forest areas get some species can hide in the leaf litter may be identified through

their calls.

(Refer Slide Time: 24:51)
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So, what we are saying here is that, you have some frog species you have this big area of
the rainforest and then say there are some trees here, there is a small water body here
maybe the other areas have some grasses or maybe you have some shrubs somewhere.
Now you cannot go and search inside a shrub or you cannot go and dive into this water
body to search all the frog samples. But then what you could do as a surrogate is that,
you go to this area in the breeding season and in the breeding season the male frogs will

about calls.

So, now what you can do is, you can put a tape recorder at this area. So, you can say
float 1 tape recorder here, put a tape recorder here, put 1 in the trees put some in the
shrubs and so on and then you can record the voices of these male frogs. Now different
species give a different kinds of calls. So, we can even identify different species even
though we are not able to see them, but we can identify them through their vocalizations.
So, we can identify the species and the number of pearls that are made give you an

estimate of the number of animals that are there in this area.

So, this is another way in which we can locate the population of different animals in an
area. Next is a mark recapture method. So, what we saw a short while back. So, mark
recapture or a capture recapture method is it can works capturing the species marking
them using dyes or pit tags. So, pit tags are a small or are small are transponder tags that
you can put beneath this skin of an animal. So, that remains with a animal and you can
use it you can scan those tags later on to understand whether this animal is marked or not

and what was the; what was the number of this animal. Or by capturing natural body



marks photographically, releasing the animals, capturing them again and utilizing the
data of the number of marked and unmarked individuals to estimate the population size

of this species.

So, in this case what we are doing is, suppose we get to know from our experiment that
the frogs are only found in this particular lake. So, in this case we will capture some
frogs from this area, we will mark them by say a dye or using a pit tag, we will release
them again, we will allow them to mix randomly with all the population of frogs that are
there in this pond and we will take out another sample and look at the number of marked
individuals that are there in the second sample. And use that data to make an estimate of

the total number of animals that are there in this particular pond.

(Refer Slide Time: 27:26)

Sampling rainforest herpetofauna

@ Pitfall Trapping / Funnel Trapping, often with drift fences: This
method live-traps the herpetofaunal species. This might be used
alone, or in combination with mark-release-recapture methods for
estimating population sizes. It is useful in rainforest areas, provided
the traps are checked regularly before each rain.

o Cover Board Surveys: In this method, cover boards are randomly
thrown in the survey area, and the regions below the cover boards are
then extensively surveyed to look for species. It is useful even in
rainforest areas.

@ Surveys at breeding sites: Ponds and stream habitats that are
breeding sites for several amphibian and reptilian species can be
surveyed in detail to estimate the presence, relative abundance and
sizes of species. It is useful even in rainforest areas.

Next you could go for a pitfall tracking or a funnel trapping. Now this method live traps
the herpetofaunal species and this may be used in combination with mark release
recapture methods for estimating the population sizes. So, in this case what you are
doing is, you know that these frogs are there in this water body and probably they will
come out after sometime and probably they will go into the grasses. If this is the
behaviour of such an animal so, in that case you will set up a pitfall trap. So, in this case

you set up 2 plastic curtains and at this point you set up a bucket.

Now, when this frog comes to this area. So, you have this frog here, it once it gets to a

wall it tries to move along the wall. So, that his behaviour of the animal. So, it becomes



from here to here, then it jumps from here to here and then in the next jump it falls into
the truck. Now in this case you can capture your angles and then this pitfall trap is a
method that can be used to estimate the relative density of animals. Because you can set
up a pitfall trap here and you can say set up a pitfall trap at this location. Now in this
bucket you probably saw you probably were able to capture 100 frogs in this trap you

were able to capture only 2 frogs.

So, then you can say that this area that was being covered by this trap is having less
density of animals, then this area that is being covered by the first track. And then you
can use it in combination with the mark recapture technique because here you are able to
capture the animals in a life state. So, you can mark them and then you can reduce them
again for the mark recapture method. Next you could go for a covered board survey.
Now cover board survey in this method cover boards are randomly thrown in survey
areas and the regions below the cover boards are then extensively surveyed to look for

species.

So, in this case what you are doing is, you are taking some cardboard boards. So, their
around say this much in size and once you have those boards you just flip them over into
the forest area wherever the land you just go and you can look for the species below
them. So, this is one way of doing a random sampling in your particular area. Another
one is survey of the breeding sites ponds and stream habitats that are breeding sites for
several amphibian and reptilian species can be surveyed in detail to estimate the presence

relative abundance and size of the species. So, this is also another thing that you can do.
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Sampling rainforest herpetofauna

@ Quantitative sampling of amphibian larvae: Box samplers are utilised
to estimate the number of amphibian larvae in given areas. The
method is useful even in rainforest areas.

o Use of instrumentation: Camera traps with active or passive sensors
may be deployed at random or non-random sites in a baited or
unbaited fashion to survey herpetofauna.

Dr. Ankur Awadhiya, IF5 Wildlify Ecology Speing 2019

So, we population estimation is such an important requirement for management of
populations or management of habitats, that we have figured out so, many different
techniques to measure these population parameters. You could even go for a quantitative
sampling of amphibian larvae. So, for instance you are not able to capture the frogs, but
when you go to the points. So, you are able to capture the larvae. So, in that case you can
do a quantitative sampling of the larvae’s well or you can go for instrumentation. So, in
the case of instrumentation you can put a camera traps. So, a camera trap is a device that

has a sensor. So, that if an animal comes near to it; it takes a photograph.

(Refer Slide Time: 30:55)
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Sampling rainforest herpetofauna

However, it is important to note that the effectiveness and utility of these
methods may depend upon the prevalent conditions'®. For instance, in
areas that have large number of water pools, surveys of all the breeding
sites may be difficult. Under these conditions, audio strip transects may be

easy to deploy. On the other hand, in areas with a single breeding site and
silent species, surveys of breeding site may be found easier than audio
transects. Thus, the relative utility of these methods must be carefully
analysed and weighed before actual deployment in the field.

15 g ndeman, A5, Margees. TA. Shes, LP and Willams, SE., 2015. Detectabiety in sudi-viiual surveys of trapical
rainforest berds: the infleence of spseies, weather and habitat characteriatics. PiaS one, 10(4), pe01Z8404
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So, then camera trap is also way another way of getting data about these animals. Now, it
is important to note that the effectiveness and utility of these methods may depend upon
the prevalent conditions. In areas that have large number of water pools, surveys of all
the breeding sites may be difficult under these conditions audio strip transect may be
easy to deploy on the other hands in on the hand in areas where a single breeding site and

silent species.

So, in the case of silent species you cannot go for an audio strip transect. So, you can go
for a survey of breeding site and the relative utility of these methods must be carefully
analyzed and weight before actual deployment in the field. So, all of these are different

methods of serving the herpetofauna.

(Refer Slide Time: 31:43)
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Pan traps for pollinators

What are pan traps?

Pan traps are devices used for the passive collection of insects. Made out
of coloured pans filled with a liguid trapping medium, they are widely used
due to their simplicity and efficacy.

What about if you want to survey for insects? So, in the case of insects a very a common
technique is that of using the pan trap. Now what is the pan trap? Pan traps are devices
that are used for passive collection of insects; they are made of coloured pans filled with

a liquid trapping medium and they are widely used due to their simplicity and efficacy.

Now you might ask what is the need to know the population size of insects? Well let they
are important because they are important pollinators or maybe they are also some vectors
for diseases. So, we need to know the population sizes of different insects; because they
will give us an indication of the amount of food that will be available to insects; to the

animals up to the pollination season or they will give us an indication of the amount of



food that is available to the birds that are (Refer Time: 32:30) or the level to which you
might observe the spread of some disease if these insects are vectors for those diseases

and so on.

(Refer Slide Time: 32:42)
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Pan traps for pollinators

Discovery and working

Pan traps were discovered by the German entomologist Volker Moericke'®
while he was working on the aphid Myzus persicae. While working on the
vision of this insect and host location, he found that the aphids were able
to distinguish between different colours. They got attracted to yellow pans
and behaved as if moving over a host plant. He then created the pan trap
from a tin pan, painted yellow and mounted on three wooded sticks. The
tin pans were 22 cm in diameter and 6 cm deep. A mixture of water and
formaldehyde was filled in them to trap the aphids. On landing on the
liquid, they were unable to escape.

Wpseniche, ¥ [1951) Farbafalle 2ur Kantrolle des Fluge tilawsen, imibeiandare der Pleuchblattiaus, Myrodes
perscae (Sulz ). Nachric 311 des Deutschen Panzenschist LN

Now, a short history pan traps were discovered by the German entomologist was a Volker
Moericke aphids and aphids are small insects and this guy found out that in the case of
aphids they this small different into different colours. And in the case of yellow colours
they were attracted to it. So, he thought why not make use of this phenomenon. So, then
he constructed a pan trap and this pan trap was made from a tin pay tin pan was which
was which is the goes by the name of the pan trap it was painted yellow in colour and it

was mounted.

So, you can this was the first size 22 centimeters in diameters and 6 centimeters in deep,
and then he added a mixture of water and formaldehyde. So, how do these pan traps

work?
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Figure: An example of the pan trap. (a) Side view diagram depicting the soap
solution in a yellow pan. (b) Top view diagram of the trap. (c) Diagram of an
elevated pan trap.

Now, in this case you have this is small pan. So, this pan is yellow in colour and then you
add this water. Now in this water you can add a few drops of soaps to reduce the surface
tension and this is the top view. So, in this pan you will be having this yellow coloured
surface and you have the water in the centre and then you could this trap onto a stick and

then you place it somewhere.

Now, if you have insects that come to this trap and they try to land on the surface of
water so, water has a high surface tension. So, there are a number of insects that are able
to move out of it, but then when you add soap to water, so, the surface tension reduces.
And so, if there is any insect they tries to land here as soon as it lands on the surface of
water it drops. So, it comes down it dies, but then you can make an estimate of the

number of insects and that were caught in this trap in the dead condition.
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Pan traps for pollinators

A diagram of a modern pan trap” is shown. In place of formaldehyde, a

mixture of soap and water is used. Soap or detergent is used to reduce the
surface tension of water, so that any insect landing in it will drown and be
unable to escape. The pan traps are made of plastic. Different colours are

used to trap different colours, with yellow traps most widely used since

they trap a large diversity of insects'®.

Vuell, K. snd bisazs, R, 2009, Elevated pan traps to monitor bees in flowesing crop canopies. Entemologia experimentalis
et applicata, 131(1), pp93-98

¢ ampiell, | W and Hanula. J L., 2007, Efficiency of Malarse traps and colored pan trapi fee collecting fower wisiting
iseets from thees forested ecciyiterss Journal of Insect Conservation, 11(4). pp 399-408

Dr. Aniur Awadhiya, IF5 Spring 2019 B5/117

So, in place of formaldehyde, so, you can go for formaldehyde which again a toxic or
you could go for a mixture of soap and water. These days with the pan traps are made of
plastic and then you can use different coloured pan traps. So, different colours because
different insects respond to different colours. So, there could be some insect that
pollinates plus that are red in colour. So, that will be more attracted to red coloured pan

traps.

(Refer Slide Time: 34:56)
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Pan traps for pollinators

Once attracted by the colour of the trap, an insect lands on water and
gets trapped. The traps are checked daily, and the trapped insects are

collected by scooping or draining through a fine aquarium mesh net. The
insects are rinsed in water before being stored in 70-95% ethanol.

Dr. Aniur Awadhiva, IFS Wildife Ecology Spring 2019 o




Now, once attracted by the colour of the trap, an insect lands on water and gets trapped
these are checked daily and then you can take these insects out, you can wash them you
can then make a note of what species of insects are found in, what is the proportion of

animals that are trapped there.

(Refer Slide Time: 35:15)
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Pan traps for pollinators

Significance of using pan traps for pollinators

Most pollinator insects utilise the colours of flowers to home into them, in
search for nectar and pollens. Since pan traps look like flowers, they are
extremely effective in specifically trapping the pollinators, especially flying
insects, as against funnel and Malaise traps that capture a variety of
insects, both pollinators and non-pollinators.

Dr. Aniur Awadhiya. IF5 Willife Ecology Spring 2019

Now, what is the significance? Most polinator insects utilize the colours of flowers. So,
these traps look like flowers and they are also coloured like the flowers and then in this
particular case you are capturing most of the pollinatives. So, you are able to differentiate

between pollinating insects and non pollinating insects.



(Refer Slide Time: 35:38)

ogy  Population growth and regulation

Pan traps for pollinators

By specifically trapping pollinators, pan traps become useful devices to
study the pollinator abundance and diversity in an area. Different colours
may be used to sort different insect species, or yellow pans utilised to
capture a wide variety of insects. They may also be used as insecticidal
devices that target specific insect species by mimicking their host flowers.
Their low costs (requiring only used plastic bowls, water and soap),
reusability and efficacy have made them widely deployed devices for study
and control of insect populations.

Dr. Ankur Awadhiya, IF5 Wildife Ecology Spring 2019

And then you can use this data and you can combine it with the data from, those traps
that are not capturing only the pollinators that are more or less random in capturing the
insects. So, from that you can make an estimate of the total amount of pollinators that
are, there the total amount of non pollinators that are there. So, it all depends on the

parameter that you want to where in this population.

(Refer Slide Time: 36:08)
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Mark-recapture species

Name down 10 species that can be identified by individual specific marks.
Answer:
Ten species that can be identified by individual specific marks are:
o Striped hyena, Hyaena hyaena: using the patterns of stripes on the
body*?
o Leopards: common (Panthera pardus fusca), clouded (Neofelis
nebulosa), snow (Panthera uncia): using the patterns of rosettes

on the bodyzo
s Tiger, Panthera tigris: using the patterns of stripes on the body?!
o Lion, Panthera leo persica: using their vibrissae patterns in the
three rows of whiskers; less than 1 in 10,000 chance of twa lions have
the same pattern®

WGugts, 5, Mondal, K. Sankar, K. and Qureshi, ., 2009, Estimation of striped hyens Hybeas hysena population using
camers trags i Sarska Tiger Reserve, Rajsatkan, Inda. Journal of the Bombay Natial Histery Seciety, 108(3), p. 284

Dpfithhapals, 5., Seidensticker, 1. Philligs, L G.. Femands, S8 U snd Smallwooa, J A 1989, idemification of individual
\eopards (Panthera pardud kstiya] using 5pot pattem variation Jewmal of Zoclegy, 218(4), pp.52T 536

Mg graeth, KU, 1986, Extimating tiger Panthers tgis populations from camera-trap data using capture-recapture medels
Biolog o, T1(3). pp 333338

" Widie Eclogy Spring 2019

Next in the case of the mark capture recapture taking what we had done was.
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So, in the classical example you have this pond, you have some fishes and then you had
taken this fishes out and then you had mark them in red colour and then you had release
them back into the water and then you had taken out another sample and then try to make

an estimate of how many normal fishes and how many red colour fishes do you have?

Now, another modification of this mark capture mark capture mark release the capture
method is that, you can use of the already existing body patterns that are there in the
animals. So, for instance in the case of striped hyena, they have specific body patterns.
So, you can distinguish one individual from the next individual. So, you can just click a
photograph of an individual, once you have this photograph that is as good as trapping

this individual and marking it.

Because in the case of capturing and marking you are capturing this animal you are
painting it say red in colour. In this case you can capture a photograph of this animal and
then you can see the body pattern that is prevalent in this particular animal. Now once
you release this animal, the next time you click a photograph that is as good as taking the
next sample. So, in the next sample; so, suppose in the first sample. So, you put your
camera traps for say 10 days, in those 10 days you are able to capture 50 photographs of

50 hyenas, now you wait for some more time and then you take a second sample.

Now, in this second sample you are again able to capture 50 photographs. Now out of

these 50 photographs it turns out that 20 are individuals that were photographed before.



Now in this case what we can say is that out of 50 animals that were captured in the
second case, you have 20 animals that were mount. And this ratio has to be the same as
the total number of marked animals in the population that was there in the first sample
divided by the total population size of the population. So, in this case we can capture we

can calculate n is equal to 50 into 50 by 20 is 125.

So, even though in this case we are not capturing the hyena, we are not painting it in
some colour, but we are able to make use of the body colours the body patterns to
identify the individual and just by taking a picture of the animal we can do the same
experiment of capture mark release recapture. And these kinds of patterns are prevalent

in a number of species. So, you have hyenas, you have leopards.

So, in the case of leopards clouded leopards snow leopard they all have different
patterns of rosette in their body. Tigers you can identify a tiger using its stripes every
tiger has a different stripe. Lions in the case of lions you can look at their whiskers and

their whiskers have a specific pattern that is specific for every individual.

(Refer Slide Time: 39:48)

ecclogy  Population growth snd regulation

Mark-recapture species

o Toads and frogs e.g. Amolops formosus: using the patterns of
warts and body markings

o Cats, including leopard cat (Prionailurus bengalensis) and
marbled cat (Pardofelis marmorata): using the body markings™

o Spotted deer, Axis axis: using spots on the body™*

@ Some marine mammals like humpback whales, Megaptera
novaeangliae: using natural markings on the body®*

Dyiohamed, & . Selimane, R, Bernaed, B, Ambe, LN, Lagan, P, Maanan, S, Hofer, M. and Wilting, A 2013 Density
and habitat wse of the leopard est (Prionailuns bengakensis) in three commereial forest reserves = Sabah, Malaysian Bomes.
Journal of Mammalagy. 34(1). pe B2-89.

M pgrwakam, M P [2006) Estimation of sbundance and fawn surawal in Chital (Ans ais) populaton uiing photogriphic
capture-recapture sampbng. MSc Thesis The Manipal Acsdemy of Higher Eduication

% PT, Paistll, P.J.. Smith, T.0., Bravington, MY, and Himmond, P5., 2001 Errors s sdentification usng natural

and effecti o eapture recagture estimates of abundance. Canadisn Journal of Fisheries and Aquatic
1870

Wildife Ecology

You can look at toads and frogs, there are a number of toads and frog that have specific
body markings and every individual can be distinguished from another individual from

the body markings.



Cats such as leopard cat or marbled cat; here also you have different body markings
spotted dear like the chital. So, chital also as spots on its body you can identify different
chitals using their spots or some marine mammals which is humpback whales. So, in the
case of humpback whales, you also have the natural markings or you can even look at

crocodiles.

(Refer Slide Time: 40:20)

Medule 5 Populitson ecclogy  Population growth snd regulation
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o Crocodiles, such as Cracodylus palustris: using numbers and
patterns of scutes?®, or even markings on the tail*’

o Snakes such as the python, Python molurus molurus Linn.:
using the patterns of the first four blotches™

Higingh, LA K. and Bustard, HR.. 1976. A method to identify indiedual young gharial (Gavials gangetcus). British Jowmal
of Herpetology, 5, pp 569-671.

7 Sucanepoel, .61, 1996, Mdentification of the Nils crocodie Crocodylus nilotics by the use of natural tail marks. Kondos,
IN1), pp 113115

hugathy, 5., 1990, Blotch structure i@ indnidual dentification of the Indisn pythan Pythen meluns moluns Lina, and its
poasible usage in population estimation, Journal of the Bombay Natural Histoey Scciety, 87(3), pp 199404

Wildife Ecclogy

So, crocodile have different patterns of scutes on their body or you can even have
markings on the tails or you can have a look at the snakes. The different snakes have also
different patterns of the blotches or even in the case of those species that do not have a

body mark, you can look for those body marks that have naturally come up on body.

So, for instance you are witnessing a troop of monkeys and there is a monkey that has a
scar on its face, a probably there is another monkey that has lost one of its limbs or there
is another monkey that has lost a lot of power off on its body because of some kind of
disease. Now using all of these different variations you can have a monkey that is old
and has grown a bit paler in colour. So, with all of these different body patterns, you can
identify the animals and if you are able to identify the animals you can make use of the

capture mark release recapture method just using photographs.



(Refer Slide Time: 41:24)

Population growth and regulation

Mark-recapture: Population monitoring

Describe how you will plan population monitoring of species with distinct
marks? Hint; No two individuals in nature have similar pattern.
Answer:
We shall plan population monitoring of species with distinct marks using
two criteria:

Q the ecology and behaviour of the species

@ the numerical abundance of the species

Dr. Ankur Awadhiya, IFS Wik Ecclogy Sping 2019 93127

Now, if you are using this method of mark recapture. So, how can you plan a population
monitoring of species? Now in this case you do not have any 2 individuals that have the
same body pattern. So, how can you make use of this data? So, we can plan this exercise

using 2 criteria the ecology of the species ecology and behaviour and the numerical

abundance of the species.

(Refer Slide Time: 41:49)
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Mark-recapture: Population monitoring

Since the species is known to have distinct marks, photographic capture of
the species, either through camera traps or using cameras can be done.
The placement of these cameras or camera traps shall be guided by the
ecology and behaviour of the species; those that congregate to specific
areas shall be captured there, those that walk on trails shall be captured

on trails.

If the species has a low population size, we shall utilise the data to
identify, and possibly name, each individual of the species. With adequate
effort, this would provide me with the absolute count of the species in
some time, in accordance with the collector's curve. The phatographs will
also be used to identify the males, females and juveniles of the species.

Wildiife Ecology

Now, since the species is known to have distinct marks, photographic capture of the

species either through camera traps or using cameras can be done the placement of these



cameras or camera traps shall be guided by the ecology and behaviour of the species,
those that congregate to specific areas shall be captured there and those that walk on

trails shall be captured on trails.

So, for example, a good example of animal that walks on the trail is tiger. So, if you want
to picture a tiger if you want to take photograph of a tiger, you put your camera trap and
an area that has a trail. So, a trail is the small road because a tiger does not want to move
in those areas, that are thorny or that are rocky so, that prefers a cleaned out area. So, you
can put a camera trap for the case of tiger on it fail or for those animals that congregate
to specific sites. So, an example is that of chital; so, chital congregates in the grasslands
in the night times. So, you can if you want to take those pictures you can put a camera

trap there as well.

Now, if the species has a low population size, we shall utilize the data to identify and
possibly name each individual of the species. So, for those population that have a small
size, you can go ahead and you can name each and every individual of the species, this is
what we do in the case of tigers. So, when we say that Panna Tiger Reserve has say 35
tigers. So, we know each and every tiger by its name using its body patterns. And with
adequate effort they should provide us the absolute count of this species in sometime in
accordance with the collectors curve. The photographs will also be used to identify the

male’s females and juveniles of the species.

Now, why do we why do you want to know the males female and juveniles? Because that
gives you an indication of how this population is going to perform in future. If you have
a population that is all full of males or all full of very old females in that case the

population may suffer a decline.
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Mark-recapture: Population monitoring

Monitoring will be done in two ways:
@ by utilising the ratios of male:female, juvenile:female, and the age-sex
population pyramids to understand the prognosis of the species.

@ by carrying out the exercise at two different times, and recording
whether the population has gone up, down, or remained constant.

Now, monitoring; monitoring can be done in 2 ways; one is by using the ratios of male to
female or juvenile to female or the age and sex ratios and pyramids to understand the
prognosis of the species. So, if you say go to forest area and you see that most of the

females are accompanied by juvenile.

So; that means, that the population is flourishing well. So, they are getting enough food
and so, they are reproducing well. On the other hand if you go to a forest and you only of
those males you do not see a female. So, it is possible that the population might crash
very soon. And second is by carrying out the exercise at 2 different times and recording

whether the population has gone up down or remained constant.

So, for instance you went to into the forest and first time you measured 100 chitals per
square kilometre per 100 square kilometres the next time you went there and you
measured only 20 chitals per 100 square kilometers. So, the population is suffering a

decline.
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Mark-recapture: Population monitoring

If the species has a high population size, we shall make use of
mark-recapture technique. In this, the capture data from two “surveys” is
utilised, giving enough time for the individuals to have mixed thoroughly.
The number of captures in each survey, and the number of individuals that
were common between these twa surveys is found. Then, Lincoln-Petersen
or some other estimator can be used to get the size of the population.
Monitoring can be done by carrying out the exercise at two different times,
and recording whether the population has gone up, down, or remained
constant.

Dr. Ankur Awadhiys. IFS Wildife Ecology Spring 2019 96/117

Now, if the species has a high population size, then we shall make use of the mark
capture recapture technique. So, in this case capture data from 2 surveys is utilized to
give an a estimate of the number of animals that are there. So, for smaller population
sizes, you can go ahead and count and name each and every individual in the case of

larger populations, you can go for the mark recapture technique.

(Refer Slide Time: 45:23)
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Rate of population growth

Nesy = Ry x N

where

N; = Population size at generation t

N;+1 = Population size at generation t + 1

Ry = Net reproductive rate = Number of female offsprings produced per
female per generation

Wildife Ecclogy

Now that is all about the try to look the population dynamics, till now we were

interested in measuring the population parameters the demographic parameters.



Now, we want to know that if you have n number of individuals today, what will be the
number of individuals in future. How does this population grow or how does this
population decline or how does this population remain constant and what can we do
about it. So, the first simplification is that we say that the rate of population growth is

given by this equation.
(Refer Slide Time: 46:00)

Sy /He-o-S= -3 EEEEEEN Enm

Now, in this equation you have the number of animals at t plus 1 time is given by R
naught into the number of individuals at the tth generation. So, the R naught is given by
the number of individuals at t plus 1th generation divided by the number of individuals in
the tth generation. What it means that, suppose if you consider my parental generation
and during my parental my parents generation, suppose the population of earth the
population of human beings on earth was say 5 billion and in my generation it has

increased to say 7 billion.

So, in 1 generation it has increased from 5 billion to 7 billion. So, R naught will be given
by 7 divided by 5. Now if R naught is greater than 1 that it means that the population is
increasing, if R naught is less than 1 then it means that the population is reducing and if

R naught is equal to 1, then it means that the population is constant.



(Refer Slide Time: 47:05)
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Condition of constant Ry = 1.5
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But then if you look at one scenario in which we consider R naught is equal to 1.5 and let
us locate different generations and we start with an initial population size of 10. So, in

the first in the Oth generation we had population size of10.

In the first generation the population size will be R naught into the number of individuals
in the previous generation. So, 1.5 into 10 is 15. In the next generation it will be 15 into
1.5 is 22.5 in the next generation it will be 22.5 into 1.5 is 33.75 5 and so, we see that in
the 9th generation we have moved from 10 individuals to 384 individuals or another

words what we are observing is an exponential rise of the population.
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Condition of constant Ry = 1.5
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So, here we are looking at the generation time and we are looking at the population size.
So, we moved from 10 individuals to around 400 individuals in a very short period of

time. Now, such a population growth is possible in certain circumstances.

(Refer Slide Time: 48:07)

So, for instance you have an island and in this island you do not have any predators, you
only have save grass or you have some trees that bear fruits and then in this island you

put in 10 rats and these rats do not have any predators to kill them. So, in this case



because the resources are available in plenty so, the rats will be able to multiply

themselves.

And when they multiply themselves, they will get into this population growth curve
which is an exponential growth curve like this or just before. But then will it continue till
infinity. So, in this curve how does it end? Does it just gone increasing; increasing;
increasing because if that happened, then we would have a situation in which we have
infinite amount of resources, but then actually we do not have infinite amount of

resources. So, this curve should come to a decline after a time.

(Refer Slide Time: 49:09)
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But Ry is not constant. It varies with population size.

So, R naught cannot remain constant and it has to do something with the population size.
Because in this island if you started in the beginning you have all the resources that are
available to the 10 rats. Now after their population has increased and suppose now we
have 1000 rats. So, in that case the resources that are available on this island will
probably become start becoming limiting for the population growth. So, earlier we had
unlimited resources when we only had 10 rats, but in the case of 1000 rats now the

resources are now getting limited.

So, whether the resources unlimited or limited depends on the number of individuals that
you have in the population. If you have very less number of individuals then the
resources are practically unlimited; if you have more number of individuals in the

population then practically the resources are becoming more and more limited.
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The logistic growth equation

df K-N

=N x [ ——
|

where

N = Population size at time t

K = Carrying capacity of the environment
r = intrinsic growth rate

Now, to put that mathematically, we use this curve which is known as the logistic growth
equation. Now this says when if N is the population size at time t. So, the rate of increase
in N that is dN by d t is given by r into N. So, r is the rate of growth or intensive growth
rate into N. So, if you have less number of individuals. So, the total growth in the
population will also be less. If you have only 2 mice they can only give rise to N number

of a springs if you have 200 mice they can give rise to much more number of a springs.

So, you have dN by d t is proportional to N the rate at which the population will grow
will depend on the size of the population and that is related to this growth rate which is
given by r. But then this factor is also modified by the resources that are available for this

population to grow which is given by this term K minus N divided by K, where K is the
carrying capacity.

So, carrying capacity says that suppose in the case of this island you had only resources
that are available to 1000 rats that cannot support more than 1000 rats. So, in that case
your population will not just go on increasing exponentially, but as soon as it starts
reaching this stage of 1000 it will start declining and then when a decline settle become a
bit more it will become more or less constant at 1000. So, you will have an s shaped
curve. So, this curve which is s shaped goes by the name of a sigmoidal curve and this
value that you will get at the top represents K which is the carrying capacity of the

environment or the number of individuals that the environment can support.



(Refer Slide Time: 52:13)

Madula 5 Populatan ecoiogy  Population growth and regulaticn

The logistic growth equation

A population follows the equation for legistic population growth:

K-N
dT:rNx[ K )

d
If the carrying capacity K = 100, initial population N = 25 and maximum
addition of animals per unit time is 10, what is the value for intrinsic
growth rate?

Dr. Ankur Awadhiys. IF§ Spring 2019 02 /1

So, now look at let us look at some example a population follows the equation for
logistic population growth which we saw before; the carrying capacity is 100 the initial
population size is 25 and the maximum addition of animals per unit time is 10 which is r
is 10. So, in that case what is the no. So, the maximum addition of animals per unit time
that is dN by d t maximum rate is 10. So, what is the value of the intrinsic growth rate

what is the value of r?

(Refer Slide Time: 52:44)
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The logistic growth equation

Wildife Ecolegy




So, now, if we plot this equation this is how it look like. So, this is the time t this is the
number of individuals and we start with the very less number of individuals then it goes
on increasing like this. Now this phase in which it is more or less flat this phase

something like this, it goes by the name of the lag phase it is called the lag phase.

Because the number of animals is so, less or the number of organisms is so, less that their
population growth rate cannot be very large. Then after they have crossed a certain
threshold after they have become a bit more substantial in size. So, then their population
increase becomes even greater. So, then it becomes this curve something like this, which
is known as the log phase. So, lag phase log phase then it tries to become more and more
stationary. So, as it reaches the carrying capacity of 100 it start becoming flatter and it is

known as the stationary phase.

(Refer Slide Time: 53:41)
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The logistic growth equation

We are given:

an
[ E)mn =10

K;N-]clﬂ

Putting the values of N and K, we have

= N x (

100-25
rx 25 % ( mu—-}ilﬂ

= rx?ﬁx(%]ilﬂ

_ ({ll]xl(]ﬂ
w250

So, in this case we are given that d N by d t maximum is ten. So, we can say that this
value is less than or equal to 10 after putting all the values we say that we see that r is
less than or equal to this value 10 into 100 divided by 25 into 75 which tells us that r is

less than or equal to 0.533.

(Refer Slide Time: 53:58)
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The logistic growth equation

= r<0.533

Thus, maximum r = 0.533 per year.
Answer:
The value of the intrinsic growth rate, r is given by: r = 0.533 per year.

Dr. Ankur Awachiya, IF5

So, with this we can say that the maximum value of r is 0.533 which is the intrinsic rate

of growth.

Now, y is that the maximum value of r because that is the value of r that will observe in
the beginning that will observe here and then this value will start getting modulated

because of the sizes coming close to the carrying capacity of the environment.

(Refer Slide Time: 54:29)
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Predator-prey relations: Lotka-Volterra equations

Oc‘::‘ = rv = rJVP

P ovp-gp
dt

where

V = prey population at time t

P = predator population at time t
a, 3,r,q = constants

Dr. Ankur Awachiya, IFS

Now there are there is this other set of equations that goes by the name of the Lotka
Volterra equations that tries to that helps us understand the relationship between 2

different species. So, in this case we are trying to look at if we have a community in



which you have a predator organism and a prey organism let us see tigers and chitals. So,
if you have a certain number of chitals a certain number of tigers, how will their

population vary when they are interacting with each other.

So, in this case the Lotka Volterra equation says that, if we say that V is the prey
population or the chital population how does chital population change with time? So, the
rate of change of chital population is dependent on the size of the chital population.
Because if you have more number of chitals they give rise to more number of a springs,
S0, it is proportional to V. So, this proportionality constant is r. So, d V by d t is equal to r
into V, but then this is also modulated by the number of tigers that we have in the system.
If you have more number of tigers, if you have more number of capital P, thend V by d t

will be lesser.

So, it varies as d V by d t is r into V minus alpha into V into P. Now this is also
dependent on the value of V because if you have if you already have a very large
population size, then the rate of growth will be lesser because of because that will be
reaching the carrying capacity whereas, the rate of growth of the predators will be given
by beta into V into P. Now it is dependent on the number of predators, but it is also
dependent on the number of preys because if you have more number of preys then you
are getting more food for the tigers if you have more number of chitals you have more
food for the tigers and so, the rate of growth of population of tigers will be more and you

have minus q into P.

So, this q is telling you the death rate of the tigers and p is the number of tigers. So, here
you have the Lotka Volterra equations and which you have dV by dt is given by r into v
minus alpha into V into P and dP by dt is given by beta into V into P minus q times P.
Now you do not need to get into very integration of this equation, but then we just need

to understand how these equations help us understand the population dynamics.
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Predator-prey relations: Lotka-Volterra equations

Suppose that tiger and chital populations are governed by Lotka-Volterra
dynamics, with the following coefficients:

r = 0.008

q=08

a=f=0001

If the initial population sizes are:

Tigers, P = 14, and

Chital, V = 1000,

what are the short-term population dynamics predicted by the model?

Dr. Ankur Awadhiya, IFS Wildife Ecology Sping 009 107/11

Now let us look at this example. Suppose that tiger and chital populations are governed
by Lotka Volterra dynamics with the following coefficients. So, we are given the values

of r q alpha and beta and the initial population sizes are given.

So, you have 14 tigers and 1000 chital. So, what are the short term population dynamics

that predicted by the model?

(Refer Slide Time: 57:21)
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Predator-prey relations: Lotka-Volterra equations

The Lotka-Volterra equations are given by:

(:: =rl/ - alVP

P
_ BVP - gP
dt i

Under the given conditions, the graph is shown in figure.

D, Aniur Awadhiya, IF5 Wildife Ecolegy

So, in this case if you plot these equations with the values of alpha beta r and q and the

initial values of V and P this is what we will find.
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Predator-prey relations: Lotka-Volterra equations

Dr. Ankur Awadhiya. IF5

So, in this case the top one is showing you the chital population and the bottom one is
showing you the tiger population. What is happening in this case is that you started with
1000 chitals, but you already have a very large size population of tigers your 14 tigers.
So, 14 tigers now start preying upon the chitals. So, the population of chitals declines to
a certain extent because they are reproducing, but at the same time there also getting

predator upon.

So, when the chital population reduces because they are being eaten by the tigers and
contrast the tiger population will increase. This will increase because it is getting ample
amount of food because of the chitals. But then after a while we will observed that the
number of chitals is now less, now if the number of chitals is less. So, you have less
amount of food that is available for the tigers. If less food is available for tigers so, their
growth rate will reduce; when that happens this population will start declining. Now
when this population starts declining if you have less number of tigers so, chitals are not

predated upon that much. So, the population of chitals will grow up again.

So, in this manner we will find that you have chital population is high. So, it will
increase tiger population and reduce itself, now when chital population is less. So, it will
reduce tiger population. So, this will increase and then this process will go on again and

again. So, we see these cyclical situations because of the Lotka Volterra equations.



(Refer Slide Time: 59:02)

ofy  Population growth and regulation

Predator-prey relations: Lotka-Volterra equations

In the short-term, the model predicts that the chital population shall
decline, while the tiger population shall increase. This would then be
continued with a cyclical steady state, where the populations of chital and
tiger go through ups and downs, with the tiger population at a lag with
respect to the chital population. This is because the tiger population will
utilise chital population as prey to increase their numbers while decreasing
the chital numbers. After some time, the chital population will not be
sufficient to support the large tiger population, and the tiger population
will start decreasing. With less number of predators, the chital population
will start increasing and re-establish itself, Thus we reach the same
starting conditions of large chital population and low tiger population.
And this cycle will continue.

De. Ankur Awadhiya, IFS
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Prey-prey relations: Lotka-Volterra equations

Analyse the following data for the successive generation for the next 25
years and graph the trends in the population, discuss how the two species
are behaving in the system.

Table: Data for two interacting species

Variables | Species 1 __Species2

~Intrinsic growth rate (r) [ 04 05 |
Carrying capacity (K) [ 2000 | 2200 |

Effect of species 1 on 2 and vice versa (aor f)| 0667 | 03 |
Starting population (N) | 800 50 |

Dr. Ankur Awadhiya, IFS Wildify Ecology Spring 008 110/11

And similarly we can look at interactions of 2 different species 2 different herbivore
species. Now, in this example we are looking at the intrinsic growth rates for 2 species
are given, the carrying capacity is given 2000 and 2200 and the effect of species that is
alpha or beta is given as this and the starting population is given. Now here you observe
that in the case of species 1 you have 800 individuals you can have maximum 200
individuals. In the case of species 2 you have only 250 individuals and you can increase

it to 2200 individuals what will happen if you plot these curves?
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Prey-prey relations: Lotka-Volterra equations

Dr. Ankour Awadhiya, IFS Spring 008 112/17

So, remember that species 1 has 800 individuals in the beginning. Now when both of
these species are interacting together. So, from 800 it starts increasing, but then it is not
able to reach to its maximum; the maximum value was 2000, but then it never reaches
2000; it starts decreasing even before it has reached 2000 why because you have this

other species that is also computing.

(Refer Slide Time: 61:08)
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Prey-prey relations: Lotka-Volterra equations

And if you look at the values after a few more generations, we will find that this species

1 that had started with 800 individuals it goes to around 1400, then its reducing and then



it becomes constant where is this second species which started with a very low value of

250 it increases and then it becomes constant at close to around 1200.

Now, we can observe here that none of these species is able to reach the carrying
capacity; it does not reach 2000 or 2200 individual because both of these species are
competing against each other. But then by looking at these mathematical analysis we can
make an estimate of what is going to happen in future. So, for instance you have these 2
species, you wanted to conserve these species and you said this population is going to

increase till 2200, but then that will never happen because of the population dynamics.
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dodule 5 Populatson ecology  Population growth and regulaticn

Prey-prey relations: Lotka-Volterra equations

We observe that species 1, which could have reached a population size of
2000 based on the carrying capacity of the environment, has stabilised at a
population size of around 1150. Similarly, species 2, which could have
reached a population size of 2200 based on the carrying capacity of the
environment, has stabilised at a population size of around 1250.

Such a situation might exist when both the species are competing for the
same set of resources. Thus, the graphs indicate that a condition of
apparent or exploitative competition might exist between the two species.

Dr. Ankur Awadhiya, IFS Wik Spring 2015

So, equations such as these the Lotka Volterra equations, the logistic grows rate
equations help us understand the population dynamics and can help us understand the
prognosis of a population, how is it going to behave in future and how can we think at
this population. If you have a species of chital if you do not give it any predators it will
go on increasing and then it will eat up all the grass and then the whole population will

collapse.
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In that case we will have a situation like this, the population increases then it becomes
stiffening and then it collapses, but then if you have a tiger here. So, the your tiger will

keep the population in check and will allow this system to remain study for a very long
period of time. So, that is all for today.

Thank you for your attention [FL].



