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1. (20 pts) mathbioLibrary/setABiocLabs/Lab121 J2 triatoma.pg
Because of the accuracy of WebWork, you should use 5 or 6
significant figures on all problems.

This problem was given to me by Professor Boyd Collier
from his research in Ecology. The study examines the oxygen
consumption of the bug Triatoma phyllosoma after ingestion of
a blood meal. In this experiment the bug matures through its
fifth instar stage of development and begins its molt into the
adult phase. This is a bug that causes major problems through-
out South America. It spreads the deadly disease chagas when
it obtains a blood meal at night from its sleeping victims. The
poor rural houses may be so infested with thousands of these
bugs that some of the occupants become anemic by losing up to
500 ml of blood per month.

a. Below are the data for the time, t (in hours), and the oxy-
gen consumption, y (in ml of O2/hr) after a blood meal for Tri-
atoma phyllosoma ).

t (hr) ml O2/hr t (hr) ml O2/hr t (hr) ml O2/hr
1 116.6 6 107.7 11 82.7
2 120.1 7 99 12 53.8
3 114.9 8 104 13 54
4 129.9 9 100.7 14 72.4
5 116.5 10 87.5 15 81.1

These data are most reasonably fit by a cubic equation. Use
Excel’s Trendline to find the best fit to the data using the equa-
tion:

y(t) = a0 +a1t +a2t2 +a3t3.

The best fitting coefficients are

a0 =
a1 =
a2 =
a3 =

Use the model to estimate the oxygen consumption at t = 2,
and assuming the data give the best values, determine the per-
cent error.

y(2) =
Percent Error =

For t = 9, use the model to estimate the oxygen consumption
and the percent error.

y(9) =
Percent Error =

For t = 14, use the model to estimate the oxygen consump-
tion and the percent error.

y(14) =
Percent Error =

b. In your Lab Report, show the plot of the data points and
the best cubic polynomial through the data for t ∈ [0,15]. Write
a brief description of how well this model fits the data. Discuss
why a cubic polynomial form was taken for this model. De-
scribe at least one other type of function with four parameters
that could be used to fit the data. (Hint: Think of models we
have studied.) Would this alternative model provide a signifi-
cantly better fit to the data? What methods would you employ
to fit the given data to this alternative model? Discuss briefly the
advantages and disavantages of the different modeling forms.

c. Differentiate the polynomial that you found in Part a.

y ′(t) =

Find the value of the derivative at t = 2.

y ′(2) =

Find the value of the derivative at t = 9.

y ′(9) =

Find the value of the derivative at t = 14.

y ′(14) =

The derivative is zero at two values t = t1 and t = t2 with
t1 < t2. Find t1 and determine y(t1).

t1 =
y(t1) =

Is this a MAXIMUM or MINIMUM?

Find t2 and determine y(t2).

t2 =
y(t2) =

Is this a MAXIMUM or MINIMUM?
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e. In your Lab Report, create a graph of the derivative func-
tion, y ′(t), for t ∈ [0,15]. Describe the shape of y ′(t) and relate
the zeroes of this function to features of the original function,
y(t). Does y ′(t) have a maximum or minimum, and if it does,
describe what is occurring to y(t) at this maximum or minimum.

Describe what is happening physiologically to this bug. State
when the oxygen consumption is increasing and when it is de-
creasing. Recall that at t = 0, the bug has just finished eating

a blood meal, and at t = 15, it molts to become an adult. With
this information briefly present a biological explanation for why
you see the regions of increasing oxygen consumption and de-
creasing oxygen consumption. (Hint: You might want to think
about your own physiology after eating a meal. The molting
stage could be related to you deciding to exercise at some time
after your meal.)
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