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ow many deer live in a particular county? How
many [ish live in the creck that runs near a school? And
how have these nurabers changed over time in the last 10
vears? These are the quesuons of population ccologists.
Populauon ceology is the swdy of ¢hanges i the abun-
dance ol organisms over time and space (Akcakaya et al,
1999). Temporal and spatial wends ol animal abundance
are commonly used to prioritize conservation and manage-
ment efforts for various animals. For example. these wrends
are used Lo help determine the number of hunting permits
that will he issued in a given vear. Due 1o its eentral role
in ecology, many high school and undergraduate bslogy
courses include lessons on population ecology theory.

Curriculum pieces on population ecology theory ofllen
mclude investigauons on methods used o estimare anumal
abundanee. One commonly used technigue to estimate
the size of natural populatiens is single mark-recaprure
using the Lincoln-Pelersen model (Smith & Smith, 2001).
In this incthod, animals are captured. given an identifying
mark such as a paint spot or a tag with a number, and then
released back to thewr habitat At a later date. traps are sel
again in the same places. The ratic of marked o unmarked
animals during the seeond capture event ean be used to
estimate the size ol the population. This method provides
a simple means w estimate the population size of amumals.
The basic form of the Lincoln-Petersen model is math-
ematically straightlorward and appropriate [or teaching
about mark-recapture methodology. The basic model also
provides an wdeal mechanism for integrating scienee antd
mathematics.

Vartous strategies have heen used to teach mark-recap-
rure in high school and undergraduate classrooms. A eom-
mon feaching stralegy uses dried beans or plastic beads
as model animals (e.g.. Budnitz, 1998). In this stralegy. a
subsample of beans or beads is 1aken out of a contamner,
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mzrked, and returned to the container. [n a subsequent
“recaprure” event. another subsample of beads is collected
and the proporuon of marked beads relative 1o the number
of unmarked beads 1s used ta esumate the total “population
size” of beads. While this activity is relatively sunple o per-
form in the classroom, we have [ound that it often does not
worle well because wo many heads are n the containers o
start with and students usually do not mark a large enough
proporioen of the beads during the mark and recapiure tri-
als 1o obtain accurate population esumates. This inaccuracy
can crode student nterest and enthusiasm. 11 is possible to
increase the accuracy ot this method by making sure a larger
proporuen of heads 1s mutially marked, however, this activ-
itv can then become tedicus tor students. More importantly,
this type ol exercise does nol present mark-recapture as i is
used in practice and it does not engage students by having
them handle and learn about living organisins,

Another teaching strategy involves the use ol lve
animals, euher in schovlyards (Anonymous, 2002
Schimmelplenmg & Schneider, 2003}, or 1n 2 more natural
lield setting {Dussart, 1991 Rollnson. 2004), Working with
live arganisms provides an opporwunity for students to learn
about the natural history and bology of the arumals. Thig
is an excellent opuon i large populations of easily captured
organtsms are available close to a schoel, such as various
Lvpes ol non-biling insecrs. We believe that working with
live animals is inherently more interesting 1o the students.
Moreover, students get our of the classroom and into nature.
Hewever lield-based investigations present three challenges
that detract from how well they can be used 1o teach about
mark-recapture. First, working 1 a field seiung requires
significant planning and some uncertainty about the like-
lthood ol successfully capruring and then recapturing
encugh ammals. Second, population estimates cau be prob-
lematic il the assumptons of marlerecapture models are not
sausfied. Finally, the true nuinber of animals is unknown in
a field experiment and thercflore estumates obtained cannot
be compared to true values. which is uselul lor instructional
purposes.

An intermediate approach that shares the advaniages
but lacks the disadvaniages of the two leaching strategies
just described is to use clesed populations ol live animals
ro perform a classroom based mark-recapiure investigauon,
This approach shares the advantage ol the bead exercise in
that srudents conduct the investigation in the classroom
so there is ne uncertainty about linding cnough animals,
It shares the advantage of field-based invesugations in that
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students work with and must
handle live organisms, which
also provides an opportunity
for students to learn about
the chosen animal’s biology.
Despite the advantages ol this
intermediate approach to reach-
ing about mark-recapture, we
are aware ol few investigations
available to teachers (however
ter an example that uses fish,
see Haag & Tonn, 1998).

In the investigalion ;
described here, we use crickets
living in a 10-gallon aguarium
habitat ro teach mark-recapture
techniques using live animals
in a classtoom setting. We
chose crickets lor this activ-
1y because they are commonly
available at mostL pel stores
and they are inexpensive. The
motivation for developing this
investigation was to provide a
more integrated picture of how
biologists use sampling and
mathematics to estimate popu-
lation size. This investigation is
designed to complement other
population ecclogy curricula
in general high school biology
courses, but could also be used
in AP biology, freshman biol-
ogy, and ecology courses.

Figure 1. Glossary
SAMPLING TERMINOLOGY

equation for the model is:

2

Objectives of This Activity

The general goal of this investgation is to complement
instruction on population ecelogy and to weach mark-recapture
theory and technigques that are used by population biclogists 1o
understand the distribution of animals in space and wme. More
specifically, students learn:

» mark-recapture techniques to estimate population size
of naturally occurring organisms

* how o calculale a populaton esumate by algebraw
manipulaticn of sunple ratios and solving ecuations lor
one unknown with data they collect

+ about the natural history and biology of a common
insect

* to consider how wildlife biclogists estimate population
sizes and about popular press stories Lthat feature abun-
dance estimates of wild animal populations.

This investigation promotes science as inquiry and helps
students develop skills in asking questions, collecung and inter-
preting data, and communicating the results with theiv peers.
Ir maps easily onto the National Science Educahon Standards
(NRC, 1996). This guided investigation can lead ro morc open-
ended inquiries (Content Standard A). Moreover, it emphasizes
concepts related to population growth and natural resources
{Content Standard F). Finally, students refine their ability 1o
use models and equations to make estimates and predictions
{Conrent Standard G).

Closed population: a population where no births or deaths occur and individuals do not enter (immigrate) or leave
{emigrate) during the time of study.

Confidence interval {C1): The range in which you expect to find 95% of all estimates.

Lincoln-Petersen model: a specific mark-recapture technique that requires twao sessions during which animals
are captured.This is a basic technigue that forms the basis for more complicated population estimation methods, The

n, — m,  where: n,isthe number animals marked and released during the first session; n, is the number of
~— animals captured during the second session; m, is the number of animals captured during the sec-
ond session that are recaptures from the first session; and & is the estimate of population size.

Mark-recapture techniques: a set of techniques used to estimate the population size of animals. All of the tech-
niques involve marking animals the first time they are captured and then releasing them. Animals are recaptured a
second time and the proportion of marked to unmarked animals is used to estimate the population size.

Standard error (SE}: an estimate of how much variation there is about the mean population estimate.
Subsample: using a smaller group collected from within a larger population of “objects.”

Cricket Anatomy: (Borror etal., 1992)

Insects of three primary body regions (the head, thorax, and abdomen):

Head: the anterior body region, where you find the eyes, antennae, and mouthparts.

Thorax: the body region behind the head, with the legs and wings,

Abdomen: the posterior region of the body {no legs or wings).

Ovipositor: the eqq laying apparatus; the external genitalia of the female.

Cercus (plural cerci}: one of a pair of appendages at the posterior end of the abdomen.

Table 1. Materials for cricket investigation.
Number needed for six groups is in parentheses.

MATERIALS NEEDED FOR INVESTIGATION
= 10-20 gallon aquarium {1)
+ “Pet store” crickets (~50}

« (ardboard "traps” {"cricket castles”). We used eqg cartons and card-
board packing material from an electronic device {~10)

+ “Painters” acrylic non-toxic paint pens {Hunt Inc.; number of colors
depends on number of participating classes)

» Chopped apple {provides food and water for crickets}
« Large (32 oz} plastic containers (6}

Counting Crickets

Materials

Table | provides a list of the materials needed lor this
activity. We recommend using the same set of approxunately
50 crickets for multiple classes. Each class can mark a different
body part and each class should use a difterent colored paint
pen. Using the same set of crickets [or multiple classes min-
mizes setup time for the instructor and [orces the students to be
careful with how and where they mark the crickets.

Investigation

This investigation can be completed within a one 1o one-
and-a-half hour class period. There are two short periods of
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time for direct instruction and
two pertods where  students
first capuure, handle. and mark
crickers and then later perform
calenlations for population size
csumaies. A more detailed vor-
sion ol this mvestigation and
a PowerPoint Nile with masters
[or overhead  wansparencics
are available onhne atz hrepy
wuw bined org/ecossmeguiriesy
mnqury_vrickets. pdb

At the beginning ol cach
class session, students receive
a handout thar briefly explams

Figure 2. Description of Investigation and Data Sheet.
CRICKET MARK-RECAPTURE INVESTIGATION

Name: Period: Date:

For this investigation, we will estimate the population size of crickets in an aquarium. You will work in teams of three
to catch, mark, release, and recapture crickets. Each team will take a plastic container to the aquarium and capture
arickets by scooping out a set of crickets (scoop only oncel). This is your first sample. Take the crickets in your
container te your desk and mark all of these rickets where your teacher indicates, using a paint pen. Filtin the
number of crickets caught during your first sample for », in the data table.

Once everyone has caught and marked crickets, each team will return the marked crickets to the same aquarium.
We will wait 15 minutes. Then each team will take a second sample of crickets. Again, take the container of crickets
to your desk and record the total number of crickets caught. Also record the total number of crickets with marks.The
total number of crickets you caught the second time is n,. The number of crickets you caught the second time with

the imvestigation and contains a
data sheet lor them o complete
VFigure 20 Students work in
aroups and cach group receives
one data sheer. We recommend n= n,
graup sizes ol three students.
The st leclure was
desipned o baild o previous
population ecology lessons and n= m
activitics. In this lecture, the
focus I» on why it 15 impor

Your group’s totals:

Class totals:

marks is m,. Fill these numbers in below. Also record whether each cricket is male or female and whether or not it
has wings in the table at the bottom of the page.

i, =

As a class, we will pool our ¢ricket samples to estimate the abundance of crickets in the aquarium,

m,=

Data needed for EACH cricket. Fill in the data on sex and wings in this table:

tant W estimate the populatuon Cricket # Sex (M/F) Wings (Y/N)
size of nawwrally eccurnng ani- i
mals. The lollowing concepts are 2
addressed: 3
» (he fmpoertance of esti- 4
mating papulation sizes >
of naturally occurring 6
animals /
S ) 8
+ the hasic ideas behind 9
marke-recapture  tech- 10
nigues — - : .
, _ Fill in the TOTAL number of males and females with and without wings in this table:
+ the impartance ol under-
standing the biology and Winqed/wingless Males Females
natural history of the Wings
animals we study Wingless
asle imsce ‘ - Total
* bhasic inscel anatomy:

specifically how te mark
crickets; salety and ethi-
cal ssues with working
with live animals

« meneral logistics.

There are mmimal salety issues associated with rhis invesu-
gation but students should wash their hands after handling the
crickets, More detailed information on these wpics is available
at hup s www bioed.orgsecos/inquines; inguiry_crickets. pdl.
We wail o explain details of the Lincoln-Pelersen model unul
alter the first capiure session.

The Nirst step in the investigaton is for cach group to coilect
crickets [rom the aguanum at the back of the room. One student
Irom cach group remaoves one “ericket castle,” which 15 a small
portion of an cgg carton {Vigure 3). and gendy shakes the crickets
from the egg carton into a plaste contamer Each group rerurns Lo
its table with 1ts erickets. Tive o six enckers per group works well
bue this will vary according 10 the number ol crickets in a given
“castle.” Iuis unportant 1o provide enough pleces of epg carton so
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that each group can use one, and it is also helplul for the instruc-
Lor to supervise the capture process so that groups overiurn only
one piece ol egg carton. We observed a tendency for Lhe students
to overturn many ol the pieces ol egg carton and to disturh many
of the crickets il we lelt them unsupervised.

At their wable, the groups use a paint pen to mark the erick-
ets. One student holds a cricket while another dabs the speci-
[ied body part with paint, and a third recerds the number of
crickets marked (this is n; in the equation described below and
in Figure 2). Each class uses a dillerent colored paint pen and
marks ewher part of the thorax or one of the legs ol the erickers,
Students also record data (using the supplied data sheet) on
whether or not the crickets have wings and the gender of each
cricket. Alter all of the groups obuain crickets, the Hirst groups
are allowed to gently return crickets 1o the aquarium

Once the crickets are back in the aquarium, the theory
behind mark-recaprure using the Lincoln-Petersen method i3



presented during a second 15-minute
lecture. This lecture focuses on the
variables in the Lincoln-Petersen esti-
mate of abundance, the ratio used 10
calculate N (the estimate of popula-
tion size), and the assumptions of the
model. This break in activity allows the
crickets to settle back into their “traps.”
We found that 15 minutes provided
ample time for this second lecture and
for crickets to redistribute themselves
in the aquarium.

The equation for the Lincoln-
Petersen model is:

n -

- i (Equation 1)
n,

where n,; is the number of animals
marked and released during the firs
sess101, R, is the number of animals cap-
tured during the second session, m, is
the number of animals captured during
the second session that are recaptures
and were marked during the first ses-
sion, and N is the estimate of population
size. This equation can be algebraically
manipulated to solve for N, such that

nn

2 .
"y (Equation 2).

N =

This model has several imporiant
assumptions that are important 1o dis-
cuss with the class (Table 2).

In addition to calculating N, an
optional extension for advanced stu-
dents is to calculate the standard error of
the estimare of population size using the following cquation:
(N-n)) (N-ny)

(N - 1)

(Equation 3),

N +2(SE) provides the 95% confidence mterval about N
(Smith & Smith, 2001).

Finally, the factors that might lead to dilferences between rthe
students’ estimate of population size and the true population size
are discussed. Equation 2 and the model assumptions (Table 2)
are used as a guide for this discussion. Students are asked to think
about this equation and the effects ol violations of the assump-
tions of the model on the different variables in this equation. For
example, if the crickets lost their marks between the capture and
the recapture sessions, this would lead to an upwardly biased
estimate of the population size because m, will be biased low and
since this is in the denaminator of Equaton 2, N will increase.

The recapture event follows this second lecture. Groups
repeat the same process of capturing erickets described above,
Students record m, {the number of marked crickets caprured dur-
ing this session) and n, (the total number of crickers ther group
recaptured). Each group reports n,, n,, and m. i1 a rable made by
the instructor on the board. The sum of each varable is used as
the class total to estumate N [or the entire class (Figures 2 & 30,

Figure 3. Crickets on a cricket “castle.”

The castle is a cardboard insert to an electronic appli-
ance. Notice the paint on some of the crickets, particu-
larly the white on the back and purple on the leg of
the cricket at the top of the photo (photo by A Whiteley).

Figure 4. Cricket in a yogurt container.

The thorax of this cricket has been painted by students
-~ with a white paint pen. The cerci extend from the back
of the abdomen. The ovipositor is at the very tip of the
abdomen {photo by A Whiteley).

Alter students work through the
caleulations of N a general discussion
ollows about how clase the estmale
is 1o the wue value We recomumend
an mleracte discussion with ques-
tions that require students 100 con-
y sider the elleets of viclations of the
maodel (Table 27 on the varables in
Equatien 2. Reasens why Nmight not
he accurate are discussed. along with
conlidence intervals toptionaly, and
patenual vielations of assumptions.
Reler o the disi ol model assumptions
(Table 2 and listed on an overhead
in supplemental online material) o
chscuss cach assumpuon and whether
i may have been violated. For exam-
ple, “wricket escapes” would violate
the closed population assumption.
Another possible source of bas could
be related w o the rapping method
used in this vestisation. N might be
hiased low hecause stressed onckets
might crawl directly back into the
castles 1o seck cover atier the erickets
are placed back inte the aquariun.
Thus, nomight be mased high,in arn
causing N 1o he binsed Tow:

Students are also instructed 1o
think about the data they collected on
the number of males and lemales that
have wings These data wre used o
generate hypotheses, For the enickets
we usee mthis investigaton, lemales
tended o be wingless while muales
Ovipositor had wings, One hypothesis s that
' [emales might not have wings hecanse

Table 2. Assumptions of the Lincoln-
Petersen model.

ASSUMPTIONS OF LINCOLN-PETERSEN MODEL

1) Population is closed {no births, deaths, immigration, ar emigra-
tion).

2) Marks are nol lost or overlooked by observer.

3) Ali animals equally fikely to be captured in each sample (no differ-
ences among individuals in preference or avoidance of trap).

4) Trapping probabilities are equal during the twa trapping periods.

of the way they allocate their limited resources w reproduction
versus growth. Because they use a ot of energy 1o make cegs,
tewer energy-related resources may be deovoled 10 growing
wings during development. Males may need 1o allocate energy
to the production o wings hecause they might disperse more
than females, perhaps 1o lind mates,

A follow up exeraise 1o increase student comprehension
is provided in Figure 5. Studenis are given time w answer the
uestions aller the class” population estimate 1s discussed,
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Extensions

Genetics  techniques  are
now often used o estmate the
population size of ammals. For
example, biologistis in Glacier
National Park, Montana, usc
hair collected from speaial han-

Answers are italicized.

this equation:

snagging stations o estimale = mm
the number of bears in the park i,

(for more details sce: hupy;
WWWIIMSCUSES gov/rescarchy,
glac_beardna.htm).  Sowme ol
the technuques used o analyze
gentelic data use extensions of
the Lincoln-Petersen madel.
Thus, alter learning the basic
theory and technique using the
crickets, an additdonal lesson
could further explore indirect
geneue methods o estimate
population size.

As another extension, stu-
dents can design their own
research investigation to use
mark-recaplure with natural-
ly occurring populations of
animals, perhaps as part of
an independent project. This
could be done n the school-
yvard with insccls using a
similar technique  described
m this paper (c.g., pillbugs;
Anonymous, 20023 1 a pond
is nearby. frogs can be marked
by clipping tocs. Guidelines
for we-chpping can be ound
aL \\'\\'\\'.:lsih.mg,-"puhs,-"ASIH?
HACC_ Final.pdi. FFor a discus-
sion of the ethical aspeets ol this technique. sce Funlk et al,
(2003 10 fish can be caprured, individuals can be marked by
clipping small portiens of fins. Note that these more 1nvasive
techniques (e.g., chipping any bady part ol an animal) can only
be performed with the consent ol animal care commitiees
and/or local [ish and wildlile depariments. We recommend
contacting a local university ot f{ish and wildlife department
if students arc interested in undertaking a project hike this.
There may be projects underway with opportunides flor par
ticiparion by volunteers.

Did This Investigation Provide a Successful

Learning Experience?

This investigation was tested with high school sophomores
in their second vear of a biology series. We thought it was a
substantial unprovement over the head exercise used in the past
for two reasons:
D)1t provided an estimate of populanoen size that was
closer o the true population size more often

2y It seemed Lo better capture student interest.

The classes’ population estimates were close 1o the wue
value ol 50 crickets i the aquarium and most estimates were
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if forexample, n, = 22,1,= 22 andm, = 10, then N =

3) How would the violations you mentioned effect your estimate of population size {N)?

Figure 5. Questions and problems to accompany investigation.

QUESTIONS FOR CRICKET MARK-RECAPTURE INVESTIGATION
1) Use the class data to estimate the population size of crickets in the aquarium (&), Show your work below and use

(22}(22)

—— " =48
10

2} Which assumptions of the Lincoln-Petersen model might we have violated?

Patentiaf assumptions thot we violated are: populations ore dased (no births, deaths, immigratian or emigration),
marks are not iost or overlooked, and all animals are equally likely to be captured during both capture events. ft is
possibile that crickets were lost, marks were last or overiooked ond individuai crickets may have been more or less
likely to be captured during either copture event.

The effect of each patential viclation on the estimate of population size con be determined using Equotion T, For
exampie, N might be biased low because stressed crickets might crow! directly bock into the castles to seek cover after
the crickets ore placed back jnto the aguarium. Thus, m, might be biased high, in turn causing N to be bfosed low,

4) If the class estimate was close to the actual number of crickets in the aquarium, does this quarantee that we didn’t
violate any assumptions of the Lincoln Petersen model? Why or why not?

No. If aur estimate wos dose, this does not guarantee that we did not violate some of the assumptions of this model.
Perhaps an assumption wos viclated buf this violation did not have o lorge effect on the estimate of population size,
or perhaps muitiple violations canceffed each other out.

5) Of what value for society is estimating the size of naturally occurring populations?

There are many reasans for estimating the size of naturally accurring papulations. As mentioned in the text, these
estimates form the faundation of mony ecological studies (e.q., for species interactions, we often need to have an
estimate of how mony of the interacting species are present in the environment) as well os for conservotion ond
management priorities ond actions. For example, estimates of populotion size ore used to determine the number of
hunting tags to issue in @ given region.

within 10% ol the true value; only one was ol by 16% [rom the
true value. In contrast. the bead investigation, as it is normally
conducted. olten yielded resulis thar were highly inaceurate,
causing students o doubt the elficacy of the technigque ancl. as
a conscquence. diminished their interest, It s our opinion thal
the challenge of handling and marking live animals was a large
part of the appeal of this exercise. Many students had o con-
front their [ear of inscels and most appeared o enjoy handling
the crickels,

We also examined how well students performed on Lthe
assessment problems and questions (Vigure 30, While we did
not perform a rigorous analysis. we lound that students per
[ormed well on these questons and we conclude that students
gained an overall understanding of marlerecapture theory and
technigue. In general, students successiully manipulated cqua-
tiens, were able to think carefully aboul assumptions of the
Lincoln-Petersen maodel. and gave thoughtlul responses regard-
ing the broader unportance of estimating the size of natural
populations. A smaller subset of the students had difficulties
using and manipulaung Equarions 1 and 2 (we did not use
Fquation 3 for the standard error} and there was wide variation
m answers related Lo assumptions of the model. We found that
these concepts were nmportant Lo revisit through additional
problems. questions, and class discussion.
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Conclusions

This population ecology investiga-
tion provides an inexpensive way 1o
teach students, in a real world context,
about a technique commonly used in
field biology and ecology. This approach
for teaching about mark-recapture meth-
ods provided highly accurate estimates
of cricket abundance and appeared 10
capture student attention more than the
typical bean or bead counting strare-
gies for teaching the same material.
This investigation is easily done in any
classrocm setting. Moreover, it has the
advantages of allowing studenis to han-
dle live insects withour the drawback,
uncertainty, and time necessary to teach
mark-recapture in a field setting. Finally,
through class discussion, we were able
to make a link between this investiga-
tion and the practices wildlife biologists
use to estimate population sizes. We
also connected the investigation to pop-
ular press stories featuring abundance
estimates of wild animal populations,
thus increasing student understanding
of conservation issues.
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