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Concepts 
Every species has 
distinct growth and 
reproductive 
characteristics 
 
HCPS III Benchmarks  
7.1.1 
7.1.2 
7.1.3 
 
Duration 
1st week: 1 hr  
3rd and 5th weeks: ½ hr 
7th week: 1 hr 
 
Source Material 
PRISM 
  
 

Populations and Life Cycles 
Summary 
In this lab students set up and monitor populations of the invasive 
pouch snail, physa sp., to determine species characteristics including 
growth rate, fecundity, and generation time. These populations will 
be established early in the quarter and will be monitored every 2 
weeks for 6 weeks at which time students will perform calculations 
and make graphs to draw conclusions from their data. 
 
Objectives 

• Students will perform repeated observations and learn to 
collect and interpret data in a scientific manner 

• Students will follow a rigorous experimental design to answer 
unknown questions 

• Students will be able to identify some important 
characteristics common to invasive species 

 
Materials 
Pouch snails (Physa sp.) 
 *16 young snail 
 *10 mature snails 
 *5 egg sacks 
Large Beakers 
 20 (given above number of snails) 
Elodea or some other aquatic plant  
 1 piece per beaker 
 
*This lab can be done with more or less but this is a good number. 
See Teacher Preparation for more details. 
 
Making Connections 
This is an ongoing 6 week project that spans the quarter. Along with 
the beginning “Build an Island Lab” and the concluding “Brine 
Shrimp Lab,” this activity walks students through the process of 
using a rigorous experimental design to answer a question.  
 
Teacher Prep for Activity 

This lab requires a large number of snails as well as some egg 
sacs. While these numbers are time consuming to collect immediately 
prior to this lab, they are almost unavoidable in aquariums given a 
couple months. For that reason, this lab is easiest when there is a 
freshwater aquarium in the classroom. Either way, however, they 
must at some point be pulled out of streams.  
 

Hawaii’s 
Freshwater 
Ecosystems 
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Pouch snails feed on algae that grows on plants or rock surfaces and while they can be 

found in almost all freshwater habitat anywhere, they are most commonly found in shallow slow-
moving areas of streams or along the banks. They can also be found in taro fields, ponds and 
swampy or wetland-like areas. They rarely grow more than 1-2 cm in length and have yellow, 
brown, or black shells. The egg masses are clear and gelatinous and can (sometimes) be found 
under rocks or debris. Newly hatched snails are initially white and about 1mm in length. They 
also may be impossible to find in a stream but in an aquarium they collect in the filter or can be 
hatched out from egg masses isolated in separate beakers. Like many invasive species, pouch 
snails thrive in disturbed habitats and are used by the EPA as a bioindicator of nutrient enhanced 
water (such as from fertilizer runoff) or general poor water quality. Snails should be collected 
with a few gallons of stream water that contains the necessary microorganism community, 
including the algae that theses snails feed on.  

 
Pouch Snail adult 

 
 
Pouch Snail egg mass 

  
 
 
 
Background 

Hawaii is home to thousands of species of plants and animals that are found nowhere else 
in the world. It is also, through human actions, now home to many species that were not 
originally found here. These invasive species are often radically different from the endemic 
(found only in Hawaii) and indigenous (found naturally in Hawaii as well as other locations) 
species in ways that often give them a competitive advantage. For example, the large invasive 
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Albizia trees (Paraserianthes falcataria) have the ability to fix nitrogen in the soil, which allows 
for a much higher growth rate than most native species. A 50 year old Albizia tree may be 
upwards of 6 feet in diameter while a similar Ohia would have a diameter of closer to 10-12 
inches. In addition to growth rate, other common contrasts between native and invasive species 
are fecundity (number of potential offspring per individual), generation time, and environmental 
tolerance. 
 The pouch or tadpole snail is a small aquatic snail well known to aquarium enthusiasts 
for its ability to colonize and thrive in freshwater aquariums. The same qualities that allow for 
the invasion of artificial habitat have given this snail, which is group of several nearly 
indistinguishable species in the Physa family, a nearly worldwide distribution. These qualities 
include a rapid growth rate, high fecundity, short generation time, and an ability to tolerate a 
wide range of environmental conditions. In addition, these snails are known to be hermaphroditic, 
which means that a single individual has both male and female reproductive parts. This does not 
mean, however, that they can fertilize themselves, but that each snail can be male or female 
during mating.  
 In contrast to Pouch snails are the endemic Hihiwai. These snails dwell in the steep 
Hawaiian streams and have an amphidromous life cycle, which means that the hatchlings are 
swept out to sea where they mature in salt water for about a year. As juveniles they re-enter 
freshwater streams and must crawl back up to their preferred habitat. This not only takes much 
longer but it leaves the Hihiwai dependent on stream flow, which can be interrupted by droughts 
and human actions. In addition, these native snails don’t survive for long in an aquarium even 
under the ideal conditions, which is an indication that they have tighter environmental tolerances 
than the pouch snails. 
 
Procedure 
Prior to Week 1 (Assuming recommended number of snails) 

This lab is designed to measure 1) individual growth rates, 2) reproductive maturity, 3) 
reproductive rate, and 4) population growth rate. It is probably easiest to prepare the snail 
beakers before the first week. All beakers should be prepared with a mix of dechlorinated tap 
water and stream or aquarium water and should include a small (2 in or so) piece of elodea or 
some other freshwater plant. The former introduces the microorganism community from the 
aquarium including algae, which the snails feed on, and the latter, which can be purchased at any 
pet store, ensures that dissolved oxygen levels do not drop to lethal levels. In addition to these, 
the beakers require the following: 

 
Individual Growth Rates (Recommended: x10)  
- small beaker 
- 1 young pouch snail (1-2mm in length) 
 
Reproductive Maturity (Recommended: x3) 
- large beaker  
- 2 young pouch snails (1-2 mm in length) 
 
Reproductive Rate (Recommended: x5) 
- large beaker 
- 1 egg mass 
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Note: egg masses may be impossible to find in streams but they are easy to spot in an 
aquarium and can be scraped off of walls, plants or rocks without damaging the eggs. 
 
Population growth rate (Recommended: x2) 
- large beaker 
- 5 adult pouch snails 
 

Each beaker should be labeled with experiment and replicate number, such as “Individual 
Growth Rate #1.” The water in these beakers will evaporate over time and should be maintained 
at relatively constant levels. 
 
Week 1 
 
1) Introduce the idea of native versus invasive species. First define the difference with 
examples of each. Within native species it is useful to distinguish between endemic (found only 
in Hawaii) and indigenous (found naturally in Hawaii as well as other places). Good examples of 
invasive species are mongoose, pigs, coqui, mosquitoes, strawberry guava, and albizia. Native 
species are often less well known but some good examples are Opae’kala’ole (Mountain Shrimp), 
‘O’opu, and Hihiwai, which are sometimes known as “river ‘opihi”. 
 
2) Discuss why invasive species may thrive in their new habitat and out compete the native 
species. Things to consider are: 
  1- that invasive species may have no natural enemies  

- pigs, mongoose, and coqui are good examples 
2- they often reproduce faster  

- pigs can recover from a 70% population loss in one generation  
3- they generally have greater environmental tolerances  

- mosquitoes and strawberry quava seem to thrive anywhere 
4- they are often generalists while many native species have very specific diets 
 - pigs, coqui, and mongoose have all adapted their diets to what is found in Hawaii 
5- they often have faster growth rates  

- a 50 year old albezia (such as in Puna) may be 5 ft in diameter while a similar 
‘ohia is 1 ft at most. 

 6- they may have other useful adaptations uncommon in native plants 
  - many invasive trees such as albizia fix their own nitrogen from the soil 

- the apple snail is adapted to muddy stagnant water and is common in taro fields 
and other altered habitat while most native species require pristine water 

 
3) Introduce pouch snails. Observations to mention are 1) they are very common in Hawaii, 2) 
they are invasive here, 3) they are very good at invading aquariums, which often have highly 
variable environmental conditions, 4) they seem to reproduce very quickly.  
 
4) Briefly contrast these snails with the native Hihiwai. See Background for relevant 
information. 
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5) Discuss the role of observations in science and how we use rigorous experiments to learn 
more. Go back to the observations in step 3 and discuss with the students how we can turn these 
from observations into more detailed scientific knowledge. What might we want to learn about 
these snails? (growth rate, generation time, population growth rate…) If the particular class is up 
to the challenge, try to work them through the development of the experimental protocol with 
such questions as “How can we learn the growth rate of individual snails?” and “How can we 
determine how many snails are in an egg sac?” To lead them along, remind them that these snails 
grow and reproduce quickly and can be raised with very simple equipment. 
 
6) Introduce the experimental design. Walk the students through the 6-week activity with an 
emphasis on experimental design and how, as scientists, we set up experiments to answer 
questions. This experiment consists of 4 parts.  
  

1- How fast do these snails grow? – “Individual Growth Rate” 
- Young snails will be placed in isolation and their shells will be measured every 
two weeks. This can be done through the glass without removing the snails from 
the water.  
- 10 beakers with one snail in each 
  

2- How many snails can hatch from a single egg mass? – “Reproductive Rate” 
- Egg masses are isolated in beakers where students will observe 1) if there are 
hatchlings and if so, 2) how many there are. The hatchlings are very small whitish 
dots typically on the bottom of the beaker. 
- 5 beakers with one egg mass in each 

 
 3- When do these snails become reproductively mature? – “Reproductive Maturity” 

- Young snails are isolated in pairs and observed to see at what age they start 
reproducing. 
- 3 beakers with 1 pair in each. 
 
Note: These snails are hermaphroditic, which means that each snail has both male 
and female reproductive parts, so there is no need to determine sex. 
 

4- How quickly can the pouch snail populations grow? – “Population Growth Rate” 
- In nature these snails are usually found in larger numbers that can reproduce 
faster than a single pair. 5 adult snails are placed together in a beaker and allowed 
to reproduce. Students will measure the number of egg masses and the number of 
hatchlings. 
- 2 beakers with 5 adult snails each. 
 

 
7) Hand out the first week’s observations sheet and briefly go over it with students then 
give them 15-20 minutes to measure and observe the snails. They will be using their own data 
for the conclusion of this activity but may need to be collected every week and returned when 
needed. It is very useful to also do a teacher’s version of the observation worksheet every week 
as student measurements may be faulty. 
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Week 3 (15-20 minutes) 
Hand out observation sheets and give students time to fill them out.  
 
Week 5 (15-20 minutes) 
Same as above. 
 
Week 7 (1 hour) 
 
Observation 
Same as above.  
 
Conclusion 
Hand out the concluding worksheet (“Pouch Snails – Species Summary”) and give the students 
time to perform calculations and interpret their results. Given shortcomings in the student’s 
measurements (according to them some snails will probably shrink), it may be necessary to give 
them better data for use in the calculations. It may also be necessary to walk them through the 
calculations on the final handout. This handout can be finished as homework.  
 
Assessments 
By the end of the 6 weeks, each students should have completed: 
- 4 observations worksheets (“Pouch Snail Observation Worksheet”) 
- 1 concluding worksheet (“Pouch Snails – Species Summary”) 
 
Math Connection 
This lab concludes with a handout that requires them to calculate averages, draw graphs, and 
interpret their data.  
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Pouch Snail Observation Worksheet 
 
Name: 
 
Period:  
 
Date:  
 
Week:   1    3    5    7   (circle one) 
 
 
Individual Growth Rates 
 
How fast do these snails grow? 
 
Using a ruler, measure the length of the shell of 10 isolated snails. Make sure to measure the 
same 10 snails every week and record the number from the beaker every time. Try to measure 
the shell through the glass of the beaker without disturbing the snail. Do not include the snail’s 
foot in the measurement. 
 

Snail Number   Shell Length (mm) 
          1        _________ 
          2        _________ 
          3        _________ 
          4        _________ 
          5        _________ 
          6        _________ 
          7        _________ 
          8        _________ 
          9        _________ 
         10       _________ 
 
Reproductive Rate 
 
How many snails can hatch from a single egg mass? 
 
Observe 4 different egg masses. If there are hatched snails, count the number from each egg 
mass. If there aren’t, make a note of that.  
 
 Egg Mass Number Presence of Hatchlings Number of Hatchlings  
           1           ______________  _____________ 
           2           ______________  _____________ 
           3           ______________  _____________ 
           4           ______________  _____________ 
           5           ______________  _____________ 
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Reproductive Maturity 
 
At what age do snails start reproducing? 
 
Observe the pairs of snails and look for mating behavior and the presence of egg sacs. If there 
are any egg sacs, record the number. It is possible that these snails may not become 
reproductively mature within the 6 week period. Observe the same three pairs every week. 
 

Pair Number  Mating Behavior? (Yes/No)  # of Egg Sacs?  
          1       _______________   ____________ 
          2       _______________   ____________ 
          3       _______________   ____________ 
 
Population Growth Rate 
 
How fast can a population of pouch snails grow? 
 
Count the total number of snails in 2 different beakers.  
 
 Population #  Original # snails Total # snails  # Egg Sacs 
          1                    5          _________     _______ 
          2                    5          _________     _______ 
 
Behavioral Observations 
As scientists we need to always keep our eyes open to what is happening around us. In this 
experiment we are not investigating the behavior of these snails, but this is something that is 
important to understanding this species. Make a note below about the behavior of these snails.  
 
 
 
 
 
 
 
 
Other Observations 
Because this is an experiment, things might not go exactly as we planned. Make a note below if 
there was anything unusual this week. For examples, some snails may have died in their 
beakers and others may have crawled out the top and disappeared.  
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Pouch Snails – Species Summary 
 
Name: 
 
Period:  
 
Date:  
 
 
1) Individual Growth Rate 
 
How fast did these snails grow? 
 
Look back through your notes and write down the length of each snail at each week. 
 

Snail Number  Week 1 Week 3 Week 5 Week 7 
          1       ______ ______ ______ ______ 
          2       ______ ______ ______ ______ 
          3       ______ ______ ______ ______ 
          4       ______ ______ ______ ______ 
          5       ______ ______ ______ ______ 
          6       ______ ______ ______ ______ 
          7       ______ ______ ______ ______ 
          8       ______ ______ ______ ______ 
          9       ______ ______ ______ ______ 
         10      ______ ______ ______ ______ 
 
 
Now calculate the growth rate for each of these 10 snails. To do this, first calculate the total 
amount that the snail grew (Week 7 length – Week 1 length), then divide that by the number of 
weeks in between (6 weeks). The result is the amount that snail grew per each week during this 
period. 
 

Snail Number   Total Growth  Growth Rate 
          1        _________/6 weeks = ___________ mm/week 
          2        _________/6 weeks = ___________ mm/week 
          3        _________/6 weeks = ___________ mm/week 
          4        _________/6 weeks = ___________ mm/week 
          5        _________/6 weeks = ___________ mm/week 
          6        _________/6 weeks = ___________ mm/week 
          7        _________/6 weeks = ___________ mm/week 
          8        _________/6 weeks = ___________ mm/week 
          9        _________/6 weeks = ___________ mm/week 
         10       _________/6 weeks = ___________ mm/week 
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While these snails were all of the same species, there was probably some variation between 
individual growth rates.  
 
 Fastest growth rate = ________________ 
 
 Slowest growth rate = ________________ 
 
There will always be variation between individuals of a species, but often we also want to know 
the average growth rate within this species. Follow the steps below to find the average. 
 
 1) How many snails survived the entire 6 weeks? 
 
  __________________ 
 
 2) Add up the growth rates of these snails. Write the number below.    

 
__________________ 

  
3) Now divide the number in #2 by the number in #1 to get the average growth rate for 
these snails. Write the number below. 
 
 __________________ 

 
Something else we might want to know is whether these snails grow steadily or more at one time 
than another. Pick any 2 snails and calculate how much they grew between each observation. 
This is just the difference in size between Week 1 and Week 3, Week 3 and Week 5, and Week 5 
and Week 7.  
 

Snail Number ______    Snail Number ______ 
 
 Week 1-3 Growth = ___________  Week 1-3 Growth = ___________ 

 Week 3-5 Growth = ___________  Week 3-5 Growth = ___________ 

 Week 5-7 Growth = ___________  Week 5-7 Growth = ___________ 

 
Now make a bar graph of this information. The bottom (X) axis is the time period and the left 
axis (Y) is the growth during this time in millimeters.  
 
        3               3 
G       
r       2                  2 
o       
w     1               1 
t 
h      0               0 
        1-3      3-5            5-7           1-3               3-5              5-7 
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Did these snails grow steadily or more at one time than another? 
 
 
 
 
 
 
2) Reproductive Rate 
 
How many snails can hatch from a single egg mass? 
 
Here we looked at 5 different egg masses to learn how many snails can hatch from each one. 
Look back through your notes and write down how many baby snails were found each week.  
 
    Egg Mass Number  Week 1 Week 3 Week 5 Week 7 
          1       ______ ______ ______ ______ 
          2       ______ ______ ______ ______ 
          3       ______ ______ ______ ______ 
          4       ______ ______ ______ ______ 
          5       ______ ______ ______ ______ 
 
In this experiment we weren’t interested in how quickly they hatched, but only how many total 
snails hatched from each egg sack. Since some of the baby snails probably died, look through 
your data to determine the most snails that were in each beaker at any one time. 
 
    Egg Mass Number  Maximum # of Baby Snails 
          1        _________ 
          2        _________ 
          3        _________ 
          4        _________ 
          5        _________ 
 
 
Again, there is probably some variation here.  
 
 Most snails = _____________ 
 
 Least snails = _____________ 
 
And again, we also want to know the average. 
 
 1) Add up the maximum number of baby snails that hatched from each egg mass.  
   

______________ 
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2) Divide this number by 5 since we looked at 5 egg mass. The result is the average 
number of snails that hatched from each egg sac. 

 
  _______________ 
 
 
3) Reproductive Maturity 
 
At what age do snails start reproducing? 
 
In this experiment we put young snails together to see when (or if) they would start to reproduce 
within the 6 week period.  
 

Pair Number   Total # of Egg Masses?  
          1        ____________ 
          2        ____________ 
          3        ____________ 
 
Did these snails start to reproduce within the 6 weeks that we observed them?  
 
 
 
If so, when? 
 
 
 
If not, what might we be able to say from this experiment? Do you think that these snails become 
reproductively mature after 6 weeks? 
 
 
 
 
 
 
 
 
4) Population Growth Rate 
 
How fast can a population of pouch snails grow? 
 
Pouch snails are an invasive species in Hawaii. This experiment mimicked a small pond where a 
handful (5) of mature pouch snails were introduced. Since again some of the baby snails may 
have died in the beakers, record the most snails that were in the beaker at any one time. If you 
recorded both adult and baby snails, simply minus 5 to get the number of baby snails. 
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 Population #  Original # snails Maximum # of baby snails   
          1                    5          _________      
          2                    5          _________      
 
Find the average number of baby snails. To do this, add up maximum number of baby snails in 
both beakers and divide by 2. 
 
 Total # of baby snails = ___________________/2 
       
 Average  for 5 snails = ________________ 
 
This is the number of snails that might be expected to result from 5 mature pouch snails. 
 
 Divide this by 5 for the average number produced by each snail. 
 
 Average for each snail = ____________ baby snails/adult snail 
 
Let’s make some assumptions about population growth. Suppose that every pouch snail produces 
this many baby snails and 50% of the baby snails grow to adulthood and reproduce (the rest lost 
mostly to predation). Food and water quality were certainly an issue in this experiment, but if we 
found a large pond where these factors didn’t slow reproduction, how many snails would we 
expect to find in the pond after 4 generations? This will be the number in the box below. If you 
get confused, look at the example on the next page. 
 
Note that the # of adults that start a generation = the number of baby snails that survived the 
previous one. 
 
Use the following equation to determine how many baby snails are produced each generation. 
  
 ________ adults X ________ baby snails/adult = ________ baby snails   
    (from above) 
 
 

       # Adult snails # Baby Snails  # Baby snails that survive 
 
1st Generation   ___5__ __________  ________________ 
 
2nd Generation  ______ __________  _________________ 
 
3rd Generation   ______ __________  _________________ 
 
4th Generation   ______ __________  _________________ 
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Example: 
 
Suppose 5 snails produced 40 baby snails, of which 20 (40/2) survive. 
 

       # Adult snails # Baby Snails  # Baby snails that survive 
 
1st Generation ___5__ _____40___  ________20_______ 
 
Since 40/5=8, we’ll say that each snail produced 8 baby snails 
 
 20 baby snails that survived = 20 adults in the next generation 
 
 20 adults X 8 baby snails/adult = 160 baby snails, of which 80 survive 
  
2nd Generation  __20__ ___160_____  ________80_______ 
 
 80 baby snails that survived = 80 adults in the next generation 
  
 80 adults X 8 baby snails/adult = 640 baby snails, of which 320 survive 
 
3rd Generation  __80_  ___640____  ________320______ 
 
 320 baby snails that survive = 320 adults in the next generation 
 
 320 adults X 8 baby snails/adult = 2560 baby snails, of which 1280 survive 
 
4th Generation  __320__ ___2560____  _______1280______ 
 
 

As you can see, these invasive snails can reproduce very quickly and judging by these 
calculations, within 4 generations (maybe about a year) there might be over a thousand adult 
snails in a pond that originally only had 5. Keep in mind that the actual population growth rate of 
these snails might be much more than this. The adults in our experiment produced a few egg sacs 
then died (probably due to poor water quality in the beaker), whereas in nature they probably 
continue producing egg sacs for a long time. In other words, a single adult might produce 
hundreds of baby snails in their lifetime, not just 8. Also, these snails, being invasive, probably 
have few natural predators so under certain conditions the survival rate may be higher than 50%. 
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Concluding Report 
 
 Pick one of the four parts of this experiment (individual growth rate, reproductive rate, 
reproductive maturity, or population growth rate). Use the space below to write a short summary 
of the experiment. In your summary, answer and discuss these 4 questions. 
  
 1) What were we trying to learn? 
 2) How did we set up the experiment? 
 3) What did we learn? 
 4) What could be improved about this experiment? 
 


