) ®
International

Extended essay cover
8 ) Baccalaureate y

Candidates must complete this page and then give this cover and their final version of the extended essay to their supervisor.

Candidate session number 0 0

Candidate name

School number 0 0

School Name

Examination session (May or November) }j’\/\ AY Year QOO >

Diploma Programme subject in which this extended essay is registered: B IoLoGY

(For an extended essay in the area of languages, state the language and whether it is group 1 or group 2.)

Title of the extended essay: ln{i L,Arrec.T o‘p Lq 7 :'I:AT'er\;f’;ry, Temperatire

and Ph i H(LLE LQ\:@L Ui P-f\.u IL,Ji /‘*C’iwlTu 8] ‘pfa?o.’!‘.{’\z"f’ /\j“’mf"’\J
(/‘n‘f.)f";ﬁf“,)

Candidate’s declaration
If this declaration is not signed by the candidate the extended essay will not be assessed.

| confirm that this work is my own work and is the final version. | have acknowledged each use of the
words or ideas of another person, whether written, oral or visual.

t am aware that the word limit for all extended essays is 4000 words and that examiners are not required
to read beyond this limit.

H

Candidate's signature: Date: 0C /127 oo

IB Cardiff use only A: B:

International Baccalaureate, Peterson House,
Matthouse Avenue, Cardiff Gate, Cardiff CF23 8GL, Wales, United Kingdom



I.B. Extended Essay
Submitted 6 December 2007
Biology HL

The Effect of Light Intensity,
Temperature and pH on the
Level of Physical Activity of
Dragonfly Nymphs
(Anisoptera)

Word Count: 2,990



Table of contents

N5 3 7= Y1 P U O 1
P 1313 ¢e T 18 Te18 4y DR U 2
3, HYPOhESIS ..t e e 3
4.Variables......oooovii B 4
S APDATALUS. ..ttt etee it et et ettt i e e 5
6. Method ..o e e 7
A D 1 v P 9
8 T 041 1o T s PO 9
72 PLOCESSIIIE . « vt iutiees et ae e e e e e e e ettt et e e renes 9
O T B T LT T s DO U PP 18
T4, INterpretation. .. ..uie i ittt 19
oI AT ) T (3 Lo ) ¢ PSSP 20
Q. CONCIUSION. .. ..ttt e e et e e 22
10. Bibliography .. ..o 23

L1, APPEndiX ..ottt 24



1. Abstract

Through a series of ex-situ experiments to explore the effects of human activity on other living
organisms, this study aimed to answer the question of how light intensity, temperature and pH affect

the level of physical activity of dragonfly nymphs.

The experiments recorded the mean duration of movement, the mean number of directional changes
and the mean number of episodes (starts) of movement of 10 nymphs in each trial. The nymphs were
exposed to light intensities ranging from dim to bright, temperatures from 10.2°C to 31.3°C and pHs
from 4.9 to 8.9. Z-tests were used to determine the significance of the differences between the different

means within the trials.

Positive correlations were found between duration of movement and water temperature, number of
directional changes and light intensity, and the number of movement episodes and water temperature.
These results indicated that high temperature promoted hunting behaviour in the nymphs and that high
light intensity provoked a flight reaction. The majority of results, however, did not show a significant

pattern and therefore could not be used to draw any solid conclusions.

(179 words)



2. Introduction

I am concerned about global warming and pollution and their impacts on living organisms. However,
these issues are too broad to be explored in sufficient detail within the extended essay. Consequently,
the topic was narrowed down to an investigation consisting of a series of experiments and analysis of a
single species’ behavioural response to variations in three fundamental environmental factors: light
intensity, temperature and pH. I decided to use dragonfly nymphs (Order: Odonata, Suborder:
Anisoptera [Encyclopegedia Britannica, 20071), because movement is easily observable in them as they

are fairly large and commonly found in ponds.

My research question is, therefore, “How do light intensity, temperature and pH affect the level of

physical activity of dragonfly nymphs?”

These three characteristics of aquatic environments are affected by global warming and pollution. I
chose the nymphs’ level of physical activity as the dependent variable because it 1s easily observable
with the naked eye. Measuring direction and speed of movemnent were not feasible using the available

equipment.

In this investigation consisting of a series of experiments, dragonfly nymph movement was the
dependent variable. It was measured in three ways:

1. Overall time spent travelling as a percentage of the duration of the observation,

2. Number of changes in direction while travelling,

3. Number of episodes (starts) of movement

Research on this specific topic was difficult, as dragonfly nymphs seem seldom the subject of
professional studies in this field. Nevertheless it was possible to find related investigations involving
the effects of temperature and pH on other aquatic organisms, as well as on specific aspects of
dragonfly nymph behaviour. I had no success in acquiring research articles concerning the effects of

light on aquatic heterotrophic organisms.

One particular study (Gorham and Vodopich, 1992) describes the relationship between water pH and
the rate of predation by damselfly nymphs. In the study, damselfly nymphs tolerated pHs as low as 4.5



without significant effects. However, at pH 3.5, their predation rate decreased significantly and their
fitness was greatly reduced (respiration rate increased).

Another investigation (Pandian, Mathavan, and Jeyagopal, 1979) studied the effects of water
temperature on the rate of mosquito predation by dragonfly nymphs. In this investigation, rising water

temperatures saw an increase of predation.

A different study (Calaban and Makarewicz ) investigated movement of daphnia within specific
temperature gradients in the water. It found that Daphnia magna’s vertical migration “may be reduced
by an avoidance reaction to cold water temperatures.”

This might indicate that since Daphnia, prey of dragonfly nymphs, are most likely to be found in warm
water, dragonfly nymphs move more when in warm water to hunt. This is supported by the apparent

increase in predation in Pandian, Mathavan, and Jeyagopal’s study (1979) involving mosquitoes.

3. Hypothesis

Dragonfly larvae likely move for longer periods (duration) with more directional changes (turns) and
fewer stops (episodes) under stressful conditions in order to escape threats to their survival. Threats to
survival are assumed to include excessive heat, excessive acidity or alkalinity, and excessive light.
Extremes in temperature, acidity or alkalinity are presumed to provoke a flight response due to their
direct threat to the dragonfly nymph’s health whereas excessive light could be perceived as a
dangerous environmental condition in which the nymphs are visible and therefore particularly

vulnerable to predation.



4. Variables

Independent
- Light intensity
- Water temperature

- Water pH

Dependent

- Net duration of movement of dragonfly nymphs
- Number of directional changes in movement of dragonfly nymphs
- Number of episodes of movement of dragonfly nymphs (discreet periods of movement

interrupted by periods of idleness)

Controlled

For all experiments:
- Water depth in testing aquarium
- Water source (Alte Donau)

- Dimensions of testing aquarium

Additional controlled variables for light experiment:

- Water temperature (= 21.5°C)
- Water pH (= 6.9)

Additional controlled variables for temperature experiment:
- Light intensity (dim)
- Water pH (= 6.9)

Additional controlled variables for pH experiment:
- Water temperature (= 21.5°C)

- Light intensity (dim})



5. Apparatus

For all experiments:

- Ice chest (as a reservoir of pond water from the Alte Donau)
- 1 plastic testing aquarium (31x21x20 cm)

- 2 plastic home aquaria ([31%21x20 cm] and [25x16x15 cm])
- 1 large plastic Tupperware

- Digital thermometer

- Laptop PC

- Stopwatch program

- 2 litre glass measuring cup

- 10 dragonfly nymphs

- Starting ring (cut section of a plastic bottle)

Additional apparatus for light investigation:
- Cold light source

- Small white cloth
- Rubber band

Additional apparatus for temperature investigation:

- 2 litre glass measuring cup
- Microwave oven

- Full tray of ice cubes

Additional apparatus for pH investigation:
- 150 ml bottle of 1M hydrochloric acid
- 150 ml bottle of 1M sodium hydroxide

- Litmus paper (to measure pH)



plastic aquarium

cold light source

digital
thermometer
pH paper




6. Method

1.

9.

1.225 litres of pond water were poured into the testing aquarium so that the water was 2 cm
deep.

The water temperature was measured with the digital thermometer and was constant at 21.5°C
(except in the temperature investigation, which used different water temperatures).

One dragonfly nymph was extracted from its home aquarium and placed carefully inside the
testing aquarium.

The starting ring was placed around the nymph to trap it in the centre of the aquarium to set a
constant starting point for movement.

(See variable-specific trial.)

The starting ring was removed, and immediately timing was started with the stopwatch
program on the computer.

Within a two-minute period, every time the nymph started moving and stopped moving, the
stopwatch was clicked. The number of turns made by the larva in movement was also recorded.
(See variable-specific trial for more details.)

The nymph was then removed from the testing aquarium and placed inside the Tupperware
container (containing tap water) to ensure that the same animal would not accidentally be tested
again as a different sample.

This process (steps 3-8) was repeated with another 9 larvae from the 2 home aquaria.

10. The nymphs were all returned to their home aquaria.

(A) Light investigation

I)_Full light trial

3.
7.

The cold light source was activated and shined in the nymph’s direction.

As the larva moved, the light was aimed to constantly follow it.

I1)_ Medium light trial

5.

7.

The end of the cold light source was covered with a white cloth, held in place by a rubber band,
activated, and shined in the nymph’s direction.

As the larva moved, the light was aimed to constantly follow it.



I11) Dim light trial

5. A ceiling lamp at the back of the testing room was activated.

7. (No further details)

(B) Temperature investigation

I) Cold water trial (10.2°C)

2. Two ice cubes were dropped into the water and measured the water’s temperature with the

digital thermometer. This was repeated until the water temperature remained constant at 10.2°C.
5. A ceiling lamp at the back of the testing room was activated.

7. (No further details})

II) Warm water trial (31.3°C)

1. Approximately 2 litres of pond water was heated to 40°C in the microwave oven.

2. The temperature of the water was measured with the digital thermometer periodically until the
temperature reached 31.3°C (approx. 30°C).
5. A ceiling lamp at the back of the testing room was activated.

7. (No further details)

(C) pH. investigation
I) Acid trial (pH 4.9)

1. Six drops of hydrochloric acid were dropped into the testing aquarium, the water was mixed,

and the pH was measured using litmus paper. This was repeated until the pH reached 4.9.
5. A ceiling lamp at the back of the testing room was activated.

7. (No further details)

TI) Alkaline trial (pH 8.9) N‘,o*f‘ e

PR

1. Six drops of hydrochloric acid were dropped into the testing aquarium, the water was mixed,

and the pH was measured using litmus paper. This was repeated until the pH reached 4.9.

——

5. A ceiling lamp at the back of the testing room was activated.

7. (No further details)



7. Data

7.1. Collection:

See Appendix

7.2. Processing

1) Bar charts were made to show the data in relation to each other.

2) Z-tests were used to determine the significance of the differences between the means of the sets of
data for the investigated variables.

To calculate each critical value, means, the counts of raw values and standard deviations were needed.
3) Since significant differences would be sought within 5 %, the critical value was set as +1.96.
Count of raw values (for all data sets):

n=10

Mean:

— 2 raw values
X -_—

n

Standard deviation:

\/ sum of squared deviations
n-1

All standard deviations were calculated using a Ti-83 Plus graphics calculator. They are listed in the

data tables.



z = critical value

X = mean
o = standard deviation

n = count of raw values

Level of significance:

For the z-test degrees of freedom are not required as they are for t-tests since the z-score of 1.96 is used
for 5 %. (Gaten) For my experiment this means that a critical value greater than 1.96 or lower than -

1.96 represents a significant difference.

Sample z-test calculation:

Between data sets of the total duration of movement of dragonfly nymphs under medium light and full

light:
L 56.14-53.98
‘Fﬁ.sf . 20.20°
10 10
2 =0.260

10



Data tables for light investigation showing total moving time, number of
directional changes and number of episodes in dragonfly nymphs

Dim Light
Sample Total moving t"m.e Number of turns Number of starts
{percentage of 2 min)
1 | 36,4 4 10
2 458 5 10
3 18,5 2 &
4 34,9 7 13
5 65,5 3 12
<] 27,3 2 8
7 55,5 7 15
8 34,5 3 9
9 826 6 11
10 58,6 4 8
Mean 45,96 43 10
Standard deviation 18,50 1,79 2786
Medium Light
Sample Total moving t'm? Number of turns Number of starts
{percentage of 2 min)
1 53,10 3 8
2 63,80 4 6
3 60,90 4 10
4 82,50 2 5
5 55,70 4 10
6 23,90 2 11
7 74,40 3 9
8 32,30 2 &
9 50,20 4 17
10 64,60 1 7
Mean 56,14 29 8,9
Standard deviation 16,83 1,04 3,30
Full Light
Sample Total moving t"m.a Number of turns Number of starts
{percentage of 2 min)
1 23,95 9 5
2 37,06 7 12
3 45 34 7 12
4 31,96 10 5]
5 64,87 10 11
6 51,75 14 13
7 92,38 5 5
8 51,63 6 6
9 80,10 14 12
10 60,80 3 8
Mean 53,98 8.5 9
Standard deviation 20,20 3,44 3,13

David Barbarich 12B

11
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Data tables for temperature investigation showing total moving time, number
of directional changes and number of episodes in dragonfly nymphs

10.2°C

Sample Total moving t'm? Number of turns Number of starts
(percentage of 2 min)
1 47 90 &) 7
2 21,20 2 7
3 69,30 8 7
4 5470 5 5
5 51,80 1 7
6 71,60 3 9
7 47,70 7 8
8 49,20 1 5
9 88,70 4 3
10 59,30 7 7
Mean 56,14 44 6,5
Standard deviation 17,06 2.46 1,63
21.5°C
Sample Total moving tlrru.a Number of turns Number of starts
(percentage of 2 min)
1 36,40 4 10
2 45 80 5 10
3 18,50 2 6
4 34,90 7 13
5 65,50 3 12
6 27,30 2 6
7 55,50 7 15
8 34,50 3 9
9 82,60 6 11
10 58,60 4 B
Mean 4596 43 10
Standard deviation 18,50 1,79 2,76
31.3°C
Total moving time
Sample . Number of turns Number of starts
{percentage of 2 minj
1 70,30 3 18
2 4920 7 10
3 33,20 6 21
4 82,10 7 13
5 73,60 3 14
6 58,80 1 21
7 50,30 4 16
8 77,50 6 15
g 80,40 4 13
10 45,50 2 14
Mean 62.09 4.3 15,5
Standard deviation 16,12 2,00 3,38

David Barbarich 12B

1z
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Data tables for pH investigation showing total moving time, number of
directional changes and number of episodes in dragonfly nymphs

pH 4.9
Sample Total moving tim.e Number of turns Number of starts
{percentage of 2 min}
1 27,20 4 8
2 12,60 2 7
3 53,70 7 15
4 36,90 6 15
5 26,40 2 12
6 23,40 4 10
7 43,10 5 20
8 44,50 4 20
9 80,00 3 8
10 61,00 3 16
Mean 40,88 4 131
Standard deviation 19,07 1,55 459
pH 6.9
Sample (p?:ilnr;;‘:';? ;" z?n) Number of turns Number of starts
1 36,40 4 10
2 45,80 5 10
3 18,50 2 6
4 34,90 7 13
5 65,50 3 12
6 27,30 2 6
7 55,50 7 15
8 34,50 3 9
9 82,60 6 11
10 58,80 4 8
Mean 45,96 4,3 10
Standard deviation 18,50 1,79 2,76
pH 8.9
Sampie Total moving tirm_a Number of turns Number of starts
(percentage of 2 min)
1 33,70 5 16
2 10,70 1 5
3 11,70 3 6
4 41,30 5 10
5 42,10 5 9
6 25,50 4 12
7 44,00 4 13
§ 44,60 4 10
9 79,40 4 10
10 47,00 6 10
Mean 38,00 4.1 10,1
Standard deviation 18,75 1,30 3,01

David Barbarich 12B

15
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Z-test values for the light investigation:

Mean duration of movement (% of 2 min)

Full light - medium light

Medium light - dim light

Full light - dim light ]

0.260

1.287

0.926

Mean number of directional changes

Full light - medium light

T

Medium light - dim light

Full light - dim light

4.928

2.139

3425

Mean number of episodes of movement

Fuli light - medium light

Medium light - dim light

Full light - dim light

0.070

0.809

0.758

Z-test vajues for the temperature investigation;

Mean duration of movement (% of 2 min)

31.3°C - 21.5°C

21.5°C - 10.2°C

31.3°C - 21.5°C 21.5°C-10.2°C 31.3°C - 10.2°C
2.07%9 1.279 0.802
Mean number of directional changes
; 31.3°C - 21.5°C 21.5°C-10.2°C 31.3°C - 10.2°C
L 0.000 0.104 0.100
Mean number of episodes of movement
—

31.3°C-10.2°C

3.986

3.453

7.584

17



Z-test values for the pH investigation:

Mean duration of movement (% of 2 min)

89-6.9 6.9-4.9 89-49

0.956 0.605 0.341

Mean number of directional changes

8.9-6.9 6.9-4.9 8.9-4.9

0.286 0.401 0.156

Mean number of episades of movement

89-6.9 6.9-49 8.9-49

0.077 1.830 1.728

7.3. Discussion

1. Duration of movement:

a) In the light investigation, the data obtained shows that the mean duration of movement of dragonfly
nymphs was shortest in dim light conditions (45.96 %) and longest in medium light conditions (56.14
%), followed closely by full light conditions (53.98 %). The z-tests did not show any significant

differences between the result sets.

b) In the temperature investigation, the mean duration of movement was longest at 31.3°C (62.09 %),
shortest at 21.5°C (45.96 %) with 56.14 % at 10.2°C. The z-tests showed a significant difference
between the result sets for 31.3°C and 21.5°C.

c) In the pH investigation, the nymphs moved the longest at pH 6.9 (45.96 %) and the least at pH 8.9

(38.00 %), moving 40.88 % of the time at pH 4.9. There were no significant differences between any

of the result sets.

18



2. Directional changes:

a) At full light intensity, there were significantly more directional changes (8.5) than in medium (2.9)
and dim light (4.3) conditions. The difference between the mean number of turns under medium and

dim light was also significant.

b) In the temperature trials, the nymphs made a mean of 4.4 turns at 10.2°C, 4.3 turns at 31.3°C, and

4.3 turns at 21.5°C. No differences were significant.

¢} In the pH investigation, the number of turns was similar at all pHs (4 at pH 4.9, 4.3 at pH 6.9 and

4.1 at pH 8.9). There were no significant differences between the data sets.

3. Episodes of movement;

a} In the light investigation, dim light conditions saw the highest mean number of starts (10), followed

by full light (9) and medium light (8.9). There were no significant differences.

b) In the temperature investigation, there were the most starts at 31.3°C (15.5) and the fewest at 10.2°C
(6.5), with 10 starts at 21.5°C. There were significant differences between all of the data sets.

¢) In the pH trials, the highest mean number of starts was at pH 4.9 (13.1), followed by values of 10

and 10.1 at pH 6.9 and pH 8.9 respectively. There were no significant differences between the data sets.

7.4. Interpretation

In the light investigation, the number of directional changes varied greatly within the 3 different light
intensities. It was interesting to see that at full light, the nymphs turned extremely often, perhaps as an
instinctive attempt to evade predators (similar to the zigzag flight path of jackrabbits [Ballard et al.})
Under medium light conditions, the nymphs made the fewest turns, which may be due to a relative lack
of immediate stress that would have been caused by exposure to potential predation.

The numbers of movement episodes under full and medium light were slightly lower than that in the
dim light trial. This leads me to the careful assumption that the data supports the hypothesis that

dragonfly nymphs would react to stressful conditions (i.e. intense light) with fewer stops. It must be

19



recognized, however, that the differences between the mean numbers of movement episodes in the

light investigation were not statistically significant.

The significant difference between the duration of movement in the dragonfly nymphs at 31.3°C and
21.5°C in the temperature investigation could indicate that dragonfly nymphs are sensitive to
temperature change within the used range. It could also indicate, however, that, referring to the studies
of Pandian et al. (1979), warm water temperature promotes hunting behaviour. This is also supported
by the significantly large number of movement episodes (starts and stops) observed at 31.3°C; in that
trial, the nymphs may have stopped often to search (by visual, olfactory, auditory or tactile means) for
prey. This analysis supports the hypothesis, which claims that “dragonfly larvae are likely to

move...with...fewer stops...under stressful conditions”, while here, the opposite is the case.

The lack of significant differences between the results of movement duration, number of directional
changes and number of movement episodes in the pH investigation indicates that pH does not affect

any of the given dependent variables.

8. Evaluation

The investigations were carried out in ways that produced unreliable data. One major reason for this is
that only 10 specimens were tested in each trial. For a statistically representative study, many more

samples (e.g. 100) would have been necessary for each trial.

The dragonfly nymphs may have not been sensitive enough to environmental change for the
differences in the independent variables to have significant effect on their movement. A useful
improvement to these experiments could be to include more extreme (high and low) levels of light

intensity, temperature and pH in the respective trials.

In the light investigation I divided the three levels of light intensity between “Dim Light”, “Medium
Light” and “Full Light”. To be able to compare my study with research conducted by others, it would
have been necessary to use a standard system of measuring light intensity with units, i.c. using a light

meter.

20



I initially considered using a common incandescent lamp with multiple power settings, but forewent it
because it would have produced heat, interfering with the controlled variable of temperature. So I used
a cold light source with unfortunately only one setting. Ideally I would have used a cold light source

with multiple power settings in order to ensure an equal difference between al! light intensities used.

Using the same dragonfly nymphs for multipie experiments could have adversely affected the validity
of the results due to the specimens tiring or their physical condition otherwise deteriorating over time,
due to less-than-optimal keeping conditions of the specimens and minimal knowledge of their needs on

my part,

[dentifying individual specimens (e.g. by marking them with a coloured substance) would have made
the data more consistent and enabled matched pair analyses.

In addition, it was not possible to identify the family or species of the specimens, which were of the
suborder Anisoptera (Encyclopeedia Britannica, 2007). It would have been useful to ensure that all of
the specimens were of one species for reasons of standardization, and to be able to compare my study

with related ones.

The lab results may be different from those that would have been obtained in a field study for many
reasons. One cause of discrepancy could be that the sides and bottom of the aquaria used were of a
different texture than is typical in a lake or pond (i.e. smooth rather than muddy or rough). Similarly,
the space available in dragonfly nymphs’ natural habitat is much greater, wider and deeper than the
aquaria they were kept and tested in. The direct light used in the experiments was not diffused by
plants or particles in the water as it likely would have in the nymphs’ natural environment. Other
researchers have noted that natural responses cannot always be accurately predicted in controlled
experiments. In “Test Chambers and Test Procedures for In Situ Toxicity Testing with Zooplankton”
(1999), Anabela Maria Maia Pereira et al. urged caution in extrapolating field effects from laboratory

results,

21



9. Conclusion

According to the data obtained over the course of the investigations and the significance of the
differences between the data, the duration of movement by dragonfly nymphs increases as temperature
increases, but remains unaffected by variations in the other independent variables, light intensity and
pH. The data therefore only partially supports the hypothesis that dragonfly nymphs move for longer
periods under extremes of light intensity, temperature and pH. The positive correlation between
temperature and duration of movement suggests that warm water temperatures promote hunting

behaviour, in which dragonfly nymphs are more physically active in searching for prey.

The number of directional changes made by the dragonfly nymphs increases with higher light intensity,
a phenomenon likely due to a flight reaction triggered by visible exposure. This supports the
hypothesis that dragonfly nymphs turn more often in movement under stressful conditions. The

number of directional changes is not, however, affected by changes in temperature or pH.

The number of episodes of movement is unaffected by varying light intensity and pH, but increases
with higher temperature. This does not totally support the hypothesis that dragonfly nymphs start and

stop movement less often under stressful conditions.

Overall there is no pattern within that data consistent enough to draw a solid conclusion. Analysis was
limited in part by questions left unresolved by research, such as the common conditions of dragonfly
nymphs’ natural habitat. Knowledge of this would have been required to estimate which conditions

could be considered stressful for the nymphs.

22



10. Bibliography

Gorham, Cynthia and Darrell Vodopich. "Effects of Acidic pH on Predation Rates and Survivorship of
Damselfly Nymphs"
Hydrobiologia Sep 1992 51-62. 31 Oct 2007

<http://www.springerlink.com/content/m7r262n576248u7(0/>

Pandian, T. J., S. Mathavan, and C. P. Jeyagopal. "Influence of Temperature and Body Weight on
Mosquito Predation by the Dragonfly Nymph Mesogomphus lineatus"
Hydrobiologia Jan 1979 99-104. 31 Oct 2007

<htip://www.springerlink com/content/k 054 3x564436664k />

Maia Pereira, Anabela Maria, Amadeu Mortagua Velho da Maia Soares, Fernando Gongalves, and Rui
Ribetro. "Test Chambers and Test Procedures for In Situ Toxicity Testing with Zooplankton”
Environmental Toxicology and Chemistry 01 Sep 1999 1956-1964. 09 Sep 2007

<hit set-abstract&doi=10.1897%2F1551-
5028%281999%29018%3C1956%3ATCATPF%3E2.3.CO%3B2>

/r'www . setacjournals.org/perlserv/?request=

Calaban, M.J. and J.C. Makarewicz. "The Effect of Temperature and Density on the Amplitude of
Vertical Migration of Daphnia magna"

Limnology and Oceanography, Vol. 27, No. 2 Mar 1982 262-271. 09 Sep 2007
<http://links.jstor.org/sici?sici=0024-
3590%28198203%2927%3A2%3C262%3ATEOTAD%3E2.0.CO%3B2-P>

Ballard, Warren B, Kamler, and Jan F. "Ear Flashing Behavior of Black-tailed Jackrabbits (Lepus
californicus)."
The American Midland Naturalist 01 Apr 2006. 05 Dec 2007

<http://www.encvelopedia.com/doc/1 P3-103292441 1 .html>

“dragonfly." Encyclopadia Britannica 2007 Encyclopadia Britannica Online

5 Dec 2007 <http://www.britannica.com/eb/article-9031126>

Gaten, Ted. "Z-tests and t tests.” University of Leicester
May 2000 University of Leicester 01 Dec 2007

<http://www.le.ac.uk/bl/gat/virtualfc/Stats/ttest. html>




11. Appendix: Raw Data

24



0’01 = SHEIS Jo #

6'9 = Hd
0,612 = dmesadwa |

p = SUIN} JO #

{ui'z jo aBejuenasad]

| abed

Or9e awy Bulaow eyo L
08'6l §'€2:00 00°00L Z'00:20 6l
0lc S 'v0-00 0z'o8 7'GELO gl
oe') 9'10°00 or'9L 6'LELD Ll
08't 2'50:00 0L'Gs £0g:10 91
og’l 9'1L0'00 0F'0L EXcAn Gl
0z’ 9'80:00 00'69 0'tZ’l0 ¥l
08'L} ZyLi00 0819 7'¥l:10 el
09’9 62000 000G L'00:10 Zl
09'0 8'00:00 ¥ £P 22500 Ll
or'9 22000 08'Zy S'15:00 Qi
0.22 £'.2:00 0F'9E 8'ty:00 6
po'c L'€0:00 0.'cl S'9L:00 2
09'¢ 1 '€0:00 0L} $'€1:00 L
00’} 2'10:00 09'8 £'01:00 9
0L'0 §'00:00 09'L 1'60:00 g
09'2 L'€0:00 08'9 Z'80:00 i
00T #'20:00 oe'y 1’5000 g
0s'L 8'L0:00 0z'z 1'20:00 [
08'0 6'00:00 08'0 6'00:00 L
aBejuassad jeasayu| (0es 0Q1/1 ‘ 995 : uiw) passed awl} {Des QOL/L “99S : ulw) -ou 911D
SRII|2 UdaMIaq [eAlalu] 12303 Jo abejuadiad 2112 ysyemdols jo awyj
| 9jdweg

(suonprpuoa aseq) 3y wip tapun ywauascw ydwiu Ajuodeaq

uonefnsaaul 3yb1T




Subject: Biology

Title of essay: The effect of light intensity, temperature and pH on the level of physical activity of dragonfly nymphs (Anisoptera)

Comments should reference each individual assessment criterion. Please copy this form and include a copy per Total
Criterion Mark awarded script — please type or write in the space below and continue on a separate sheet if necessary (maximum 50 words

o per criterion sample). Comments will be made available to examiners undertaking training.
(criterion)

A The research question is clearly and precisely stated.

B 1 There is some attempt to place the study in an academic context. The candidate clearly ran into 1
some difficulties finding relevant published material but has done a good job of using the papers
that were accessed. Some investigation into the broader field of environmental variables would
have been useful.

C 4 Although only a limited range of sources is provided, this essay scores highly die to the large, 4
well organized and very relevant body of data collected by the candidate through the practical
investigation.

D 4 There is evidenced through the use of suitable reference material to which the results of this 4
study are meaningfully compared. The data collection and analysis methodologies are also
clearly understood and appropriately applied.

E 4 There is a well set out reasoned argument which makes constant reference to the research 4
question.




F 4 Graphical analysis is effective and appropriate. Statistical analysis is clearly set out and this is 4
done to an appropriate level. The very large body of data is analyzed to reveal the important
trends and these are presented in such a way as to directly address the research question
G 4 Clear and precise use of language. Important concepts are well understood and explained. 4
H 2 Conclusions are couched in appropriately tentative language. Important and statistically 2
significant trends are highlighted.
I 4 The bibliography is clearly set out. Details on the websites visited are provided. Tables and 4
graphs are used well to enhance the text. The large body of data in the appendix is clearly
presented. Other aspects are dealt with well.
J 2 All of the requirements are clearly stated. 2
K 4 Clear evidence of independence, initiative, insight and determination 4
Comments: Please add a short holistic summary (approximately 100 words) summing up the strengths and weaknesses of the essay. An excellent essay Total 35

with lots of personal input from the candidate. Motivation and independence must have been high throughout to allow the collection
of this large body of data. There is clear evidence of the need for a carefully planned investigation with appropriate controls for
statistical purposes. The data are carefully analyzed and the conclusions reached are clearly seen as being tentative.




